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Abstract

TNF plays diverse and contrasting roles in cancer, promoting skin carcinogenesis and metastasis, but also possessing
potent antitumor effects in mice. TNF via TNFR1 axis induces NFkB, and may contribute to inflammation-facilitated
neoplasia. On the other hand, lymphomas are cited as rare complications of anti-TNF therapy in humans. In order to
address possible modulating role of TNF and of a related cytokine, LTa, in spontaneous tumorigenesis, we compared mice
with pS53-TNF, p53-LTa, p5S3-TNFR1 and p53-TNF-LT combined deficiencies. Unexpectedly, neither of these mice
showed significant modulation of their survival or shift in the spectrum of emerging tumors, as compared to p53-deficient

mice, arguing against direct link between TNF blockade and lymphoma development.

© 2008 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

TNF was discovered due to its striking tumor-
necrotizing activity in mice [1] in which case its

Abbreviations: TNF, tumor necrosis factor; LT, lymphotoxin;
TNFR, TNF receptor; NFkB, nuclear factor kappa B; KO,
knockout.
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primary target were cells of vascular endothelium
[2-4]. Later, studies employing TNF gene deficient
mice revealed unexpected function of TNF in devel-
opment and maintenance of lymphoid tissue archi-
tecture and resolution of inflammatory reactions
[5-8].

Whether TNF is pro- or anti-tumorigenic in vivo
constitutes an important public health issue, since
over a million of autoimmune patients worldwide
are placed on continuous pharmacological TNF
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blockade [9,10]. Lymphomas are cited as rare com-
plication of the therapy, although no clear mecha-
nistic link to TNF ablation was established. If
TNF is overall pro-tumorigenic or pro-metastatic,
then some of these patients may actually benefit
from its blockade. In mouse cancer studies TNF
was found both tumor-promoting, as in skin carci-
nogenesis model [11,12], and participating in
immune surveillance [13].

In order to evaluate the net effect of these possi-
ble opposite functions of TNF signaling in vivo, we
took advantage of mice deficient in tumor suppres-
sor p53 [14]. Spontaneous tumor development both
in homozygous and heterozygous states of p53 defi-
ciency has been widely utilized to evaluate the activ-
ity of candidate modifier genes. In this study we
addressed possible modifying role of TNF and of
a closely related cytokine, LTa.

2. Results and discussion

2.1. Genetic ablation of TNF or LTu does not result in
significant changes in survival of p53-null mice

In agreement with published reports [15,16], p53-KO
mice developed tumors by 3—-5 months with a median sur-
vival around 20 weeks of age (Fig. 1A). Mice with double
TNF-p53 deficiency showed only marginal increase in sur-
vival (Fig. 1A), arguing against any major role for TNF in
tumor protection. On the other hand, in spite of estab-
lished pro-carcinogenic TNF function in chemically
induced skin tumors [11,12] we found no evidence for
the modifying role of TNF in the development of sponta-
neous lymphomas in p53-null mice.

We then addressed in a similar experiment a possible
contribution of LTa in spontaneous tumor development.
LTa is a TNF-like cytokine which can engage TNF recep-
tors, but in combination with LTp it predominantly sig-
nals in vivo through a separate receptor, LTBR [17].
The net result of the LTa ablation in this model was dif-
ficult to predict. LTa is involved in NK cell differentia-
tion, so its ablation may affect primary tumor growth
and metastasis [18,19]. Additionally, local expression of
LTo by tumor cells was shown to inhibit tumor growth
[20]. On the other hand, in murine fibrosarcoma model
the LTa/p — LTPR signaling axis was shown to play a
pro-tumorigenic role [21].

LTa-deficient mice have defective development of lym-
phoid tissues [22,23]. Tumors, in particular lymphomas,
are known to emerge from the thymus [24] and peripheral
lymphoid organs, including mesenteric lymph nodes and
Peyer’s patches [25]. Should there be any significant mod-
ulation of tumor-free survival, the interpretation of the
data would not be straightforward without additional
experiments, as the LTo mice have anatomical defects
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Fig. 1. Spontaneous tumorigenesis in p53-TNF, p53-LTa double
deficient mice. (A) p53-TNF versus p53-null. (B) p53-LTa versus
p53-null.

which may be related to spread of tumors in mice: they
completely lack lymph nodes and Peyer’s patches
[22,23], i.e. sites where lymphomas may arise. Yet, the
insensitivity of tumor-free survival of p53-deficient mice
to LTa inactivation (Fig. 1B) not only suggested that
LTa signaling is not important for tumorigenesis on this
cancer-prone background, but also argued against the
role of lymph nodes, Peyer’s patches and correct microar-
chitecture of the spleen for tumor development and
spread, at least in this model of cancer.

2.2. Genetic ablation of TNFRI or combined ablation of
TNF and LT does not significantly influences the disease
onset or the spectrum of tumors in either p53~'~ or p53™'~
mice

The negative result with single TNF or LTa deficien-
cies did not formally exclude a redundant pro-tumorigenic
or protective function mediated by these two related cyto-
kines. Indeed, TNF and LTa can signal through the same
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receptors, TNFR1 (p55) and TNFR2 (p75). TNFRI1 is
one of the main activators of the classical NFkB pathways
in vivo [26,27]. Chronic inflammation and activation of
NF«B may lead to cancer, especially when combined with
inactivation of various modifier genes such as Mdr2 [8] or
APC [28].

However, the tumor-free survival of double homozy-
gous mice with TNFR1 and p53 deficiencies (Fig. 2A)
suggested no pro- or anti-tumorigenic effects of TNFR1
ablation and perhaps revealed only a slight tendency to
delay tumor-related mortality. Another model allowing
to address the redundancy of TNF and LTa signaling
in vivo, is TNF/LTB/LTa triple-deficient mice [29]. While
TNFR1 deficiency only affects TNF — TNFR1 and
LToa — TNFRI signaling, mice with triple cytokine defi-
ciency also lack LTp —» LTPR, TNF — TNFR2 and
LTo — TNFR2 cascades, which all potentially might
modulate tumorigenesis.

Our results with the quadruple KO mice on C57BL/6
genetic background (see supporting information online)
are in agreement with pS3-TNFR1 data and suggested
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Fig. 2. Spontaneous tumorigenesis in p53-TNFR1 double defi-
cient mice. (A) p53’/’TNFR1’/’ versus p53-null. (B) p53+/’
TNFR1~/~ versus p53*/~.

no significant effects of these multiple deficiencies in cyto-
kine signaling on tumor (in particular, lymphoma)
development.

Finally, p5 mice represent a model for spontane-
ous tumor growth which mimics the loss of only one allele
of p53 tumor suppressor gene and is better related to
hereditary human cancers, such as Li-Fraumeni syn-
drome. Therefore, the contribution of TNFRI1 ablation
was also evaluated in p53+/ ~ mice (Fig. 2B). In this case
the median survival was extended to more than 60 weeks,
and the tumor-free survival curves were overlapping for
the earlier time points with a tendency to slightly delayed
tumor-related death in p53+/ -, TNFR1~/~ mice. Thus,
neither genetic ablation of TNFR 1 nor combined ablation
of TNF and LT does not grossly affect tumor-free survival
of p53-null mice.

The spectrum of emerging tumors (Table 1) did not sig-
nificantly differ between p53 KO and LTa/TNF/LTB/p53
KO mice or between p53 KO and TNFR1/p53 KO mice,
with lymphomas constituting about half of the tumors. In
spite of the fact that p53+/ ~ mice remained tumor-free
much longer than p53-null mice (Fig. 2B), lymphomas
clearly remained the dominant type of tumors.

3t

3. Concluding remarks

Recent advances in understanding the molecular
mechanisms linking chronic inflammation and can-
cer resulted in a growing interest in the role of TNF
as one of the key inflammatory mediators of cancer
development [30]. LT has received much less atten-
tion, even though LTPR agonists were suggested as
potential anti-cancer therapeutics [31] (but see also
[21]). Strong LTa activation (most likely, in infiltrat-
ing T-cells) via alternative NFxB pathway was
reported in a mouse model of prostate cancer [32],
however, it remained unclear whether LT played
any causative role in this system. The involvement
of TNF-mediated inflammation in mouse models
was demonstrated for a number of tumor types which
are frequently associated with inflammation in
humans. Examples include mice bearing orthotop-
ically growing pancreatic tumors [33], melanoma
cells [34] and a number of others. However, owing
to complexity of TNFR signaling, the possible role
of TNF in cancer development appears more com-
plex than just one of inflammatory mediators. For
example, TNF has recently been implicated in rejec-
tion of transplantable MCA-induced sarcomas [35]
and in immune surveillance against spontaneous
pancreatic tumors [13]. The pro-inflammatory role
of TNF has been demonstrated in several mouse
models of gastrointestinal cancer, with inflammation
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Table 1

Tumor types in various mice with p53 and TNF/TNFRI1 deficiencies

Histologic findings Experiment 1

Experiment 2

Experiment 3

p53~/~ P53/~ TNF/LT/~ p53~/~ p53~/~ TNFR17/~ p33t~ p53*/~ TNFR17/~
Number of lesions
Lymphoma 22 17 3 8 14 12
Sarcoma 11 11 1 1 5 4
Carcinoma 3 1 2 3 2
Others 8 2 1 2 1 5
Total 44 30 5 13 23 23

In Experiment 1, the actual number of mice analyzed for tumor types was 24 for p53~/~TNF/LT~/~ and 32 for p53~/~ mice. Four mice
had double and 1 mouse had triple lesions in p53’/ “TNF/LT /" mice, and 8 mice had double and 2 mice had triple lesions in p53’/ ~ mice.

induced either by chemical treatment [36] or with
transgenic expression of inflammatory mediators
[37]. However, no evidence was found for the role
of TNF in spontaneous tumor development in a clas-
sical model of intestinal cancer based on mutations in
APC tumor suppressor gene [38].

TNF blockers are widely used drugs to treat
autoimmune disease, such as rheumatoid arthritis,
Crohn’s disease, psoriatic arthritis and psoriasis
[39]. If endogenous TNF plays a role in protection
against cancer as suggested by recent reports
[13,35], then its continuous blockade may facilitate
neoplasia in some of immunocompromised patients.
On the other hand, if pro-carcinogenic activities of
TNF observed in mice translate to humans [40],
then continuous blockade of TNF signaling may
have some beneficial effects for patients. Additional
benefits may be due to inhibition of reported pro-
metastatic role of TNF [41,42].

Our findings do not support the hypothesis on
the protective role of TNF (or LTa) in spontaneous
tumorigenesis in p53-deficient mice. On the other
hand, — within the limitations of the experimental
system used — we found that tumor-promoting role
of TNF is minor.

4. Materials and methods
4.1. Mice

p53-null mice [43] were from Jackson lab or from
Bombholtgaard Breeding Facilities, Denmark. TNF-defi-
cient mice and LTo-deficient mice were described previ-
ously [7,23]. All mice were housed in SPF conditions.
Experiments using animals were done under properly
approved animal protocols for S.A.N. (animal facility
NCI Frederick, MD, USA) and T.B. (animal facility at
the Max-Delbriick-Center, Berlin-Buch, Germany). Ani-
mal care was provided in accordance with the procedures
outlined in the “Guide for the Care and Use of Labora-

tory Animals” (NIH Publication No. 86-23, 1985). Since
not all mice deficient in TNF/LT ligands were fully back-
crossed to C57BL6 background by the beginning of our
experiments, matched experimental groups (p537/ ~ and
double or multiple deficiency) were generated by first
obtaining double heterozygotes (p53'/~, TNF"~ or
p53+/ =, LTa ™/~ and so on) and then intercrossing the off-
spring. In order to maximize the yield of experimental
animals, the breeding was then performed as p53"/~ x
p53+/ ~ on either wild type or TNF/LT single or multiple
deficient background. All progenies were genotyped for
pS3 locus, and p53_/_ mice or p53+/_ were monitored
for tumor formation and survival. Genotyping was per-
formed by PCR using DNA from tail biopsies and the
following primers: p53X7 5-CAC ATG TAC TTG
TAG TGG ATG G; p53X65 5-ACA GCG TGG TGG
TAC CTT AT; p53neol9 5-CTA TCA GGA CAT
AGC GTT GG (for p53 locus); KO41 5-TGA GTC
TGT CTT AAC TAA CC; KO42 5-CCC TTC ATT
CTC AAG GCA CA; KO49 5-CTC TTA AGA CCC
ACT TGC TC (for TNF locus); Prillta 5-CTT GTG
TCT GTC TTG CGT; Pri2lta 5-GTC TCT CGG CAG
TTA AGC; pri7lta 5-ATA ACT GTG ACT TGA ACC
(for LTa locus).

TNFR1-deficient were described previously [44]. The
p53 and TNFR1 double knockout mice were generated
by breeding a single p53_/ ~ male with several TNFR1~/~
female mice. The offsprings were then intercrossed to
obtain p53~/~ TNFR17/~, p53~/~ TNFR1"~, p53*/~
TNFR1~/~ and p53+/ ~ TNFR1"~ mice. Genomic typing
of mice was performed by PCR using the following prim-
ers: 5-CTC TCT TGT GAT CAG CAC TG; 5-CTG
GAA GTG TGT CTC AC for TNFRI1 locus and 5'-
CTG GAA GTG TGT CTC AC; 5-CCA AGC GAA
ACA TCG CAT CGA GCG A for neo® gene.

4.2. Pathology

A necropsy was performed on each mouse when mor-
ibund. Tumor and other tissues were fixed in Bouin’s solu-
tion, embedded in paraffin and stained with hematoxylin/
eosin. Only mice that succumbed to a confirmed tumor
were included in the survival analysis.
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4.3. Statistical analysis

Survival data sets were compared using Wilcoxon two
sample test (http://www.fon.hum.uva.nl/Service/Statistics/
Wilcoxon_Test.html) and no significant difference was
found in any of the experiments shown (p > 0.05).

Acknowledgements

We are indebted to M. Anver and J.M. Ward
for pathology analysis and the discussion. We
thank H. Bluethmann for TNFR1 KO mice, S.
Durum for sharing breeders of p53 KO mice and
F. Ruscetti for generous help with mouse housing.
We are grateful to D. Devor-Henneman, T. Stuhl,
S. Stuhl and C. Westen for their expert technical
assistance.

This study was supported by Deutsche Fors-
chungsgemeinschaft (Bl 288 and SFB633), MCB
grants from the Russian Academy of Sciences and
by the National Cancer Institute, National Insti-
tutes of Health (the Intramural Research Program,
Center for Cancer Research and Contract # NO1-
CO-12400). S.A.N. is International Research Scho-
lar of Howard Hughes Medical Institute and the re-
cipient of the Helmholtz-Humboldt award.

The content of this publication does not neces-
sarily reflect the views or policies of the Department
of Health and Human Services, nor does the men-
tion of trade names, commercial products or organi-
zations imply endorsement by US Government.

References

[1] E.A. Carswell, L.J. Old, R.L. Kassel, S. Green, N. Fiore, B.
Williamson, An endotoxin-induced serum factor that causes
necrosis of tumors, Proc. Natl. Acad. Sci. USA 72 (1975)
3666-3670.

[2] E.A. Havell, W. Fiers, R.J. North, The antitumor function
of tumor necrosis factor (TNF), I. Therapeutic action of
TNF against an established murine sarcoma is indirect,
immunologically dependent, and limited by severe toxicity, J.
Exp. Med. 167 (1988) 1067-1085.

[3] K.A. Janes, S. Gaudet, J.G. Albeck, U.B. Nielsen, D.A.
Lauffenburger, P.K. Sorger, The response of human epithe-
lial cells to TNF involves an inducible autocrine cascade,
Cell 124 (2006) 1225-1239.

[4] B. Stoelcker, B. Ruhland, T. Hehlgans, H. Bluethmann, T.
Luther, D.N. Mannel, Tumor necrosis factor induces tumor
necrosis via tumor necrosis factor receptor type 1-expressing
endothelial cells of the tumor vasculature, Am. J. Pathol. 156
(2000) 1171-1176.

[5] M. Pasparakis, L. Alexopoulou, V. Episkopou, G. Kollias,
Immune and inflammatory responses in TNF alpha-deficient
mice: a critical requirement for TNF alpha in the formation
of primary B cell follicles, follicular dendritic cell networks

and germinal centers, and in the maturation of the humoral
immune response, J. Exp. Med. 184 (1996) 1397-1411.

[6] M.W. Marino, A. Dunn, D. Grail, M. Inglese, Y. Noguchi,
E. Richards, et al., Characterization of tumor necrosis
factor-deficient mice, Proc. Natl. Acad. Sci. USA 94 (1997)
8093-8098.

[7] D.V. Kuprash, A.V. Tumanov, D.J. Liepinsh, E.P. Korol-
eva, M.S. Drutskaya, A.A. Kruglov, et al., Novel tumor
necrosis factor-knockout mice that lack Peyer’s patches, Eur.
J. Immunol. 35 (2005) 1592-1600.

[8] E. Pikarsky, R.M. Porat, I. Stein, R. Abramovitch, S. Amit,
S. Kasem, et al, NF-kappaB functions as a tumour
promoter in inflammation-associated cancer, Nature 431
(2004) 461-466.

[9] N. Scheinfeld, A comprehensive review and evaluation of the
side effects of the tumor necrosis factor alpha blockers
etanercept, infliximab and adalimumab, J. Dermatolog.
Treat. 15 (2004) 280-294.

[10] T. Bongartz, A.J. Sutton, M.J. Sweeting, I. Buchan, E.L.
Matteson, V. Montori, Anti-TNF antibody therapy in
rheumatoid arthritis and the risk of serious infections and
malignancies: systematic review and meta-analysis of rare
harmful effects in randomized controlled trials, JAMA 295
(2006) 2275-2285.

[11] R.J. Moore, D.M. Owens, G. Stamp, C. Arnott, F. Burke,
N. East, et al., Mice deficient in tumor necrosis factor-alpha
are resistant to skin carcinogenesis, Nat. Med. 5 (1999) 828—
831.

[12] M. Suganuma, S. Okabe, M.W. Marino, A. Sakai, E.
Sueoka, H. Fujiki, Essential role of tumor necrosis
factor alpha (TNF-alpha) in tumor promotion as
revealed by TNF-alpha-deficient mice, Cancer Res. 59
(1999) 4516-4518.

[13] T. Calzascia, M. Pellegrini, H. Hall, L. Sabbagh, N. Ono,
A.R. Elford, et al., TNF-alpha is critical for antitumor but
not antiviral T cell immunity in mice, J. Clin. Invest. 117
(2007) 3833-3845.

[14] M.E. van den Broek, D. Kagi, F. Ossendorp, R. Toes, S.
Vamvakas, W.K. Lutz, et al., Decreased tumor surveillance
in perforin-deficient mice, J. Exp. Med. 184 (1996) 1781—
1790.

[15] L.A. Donehower, M. Harvey, B.L. Slagle, M.J. McArthur,
C.A.J. Montgomery, J.S. Butel, et al., Mice deficient for p53
are developmentally normal but susceptible to spontaneous
tumours, Nature 356 (1992) 215-221.

[16] T. Jacks, L. Remington, B.O. Williams, E.M. Schmitt, S.
Halachmi, R.T. Bronson, et al., Tumor spectrum analysis in
p53-mutant mice, Curr. Biol. 4 (1994) 1-7.

[17] C.F. Ware, Network communications: lymphotoxins,
LIGHT, and TNF, Annu. Rev. Immunol. 23 (2005) 787-819.

[18] K. lizuka, D.D. Chaplin, Y. Wang, Q. Wu, L.E. Pegg, W.M.
Yokoyama, et al., Requirement for membrane lymphotoxin
in natural killer cell development, Proc. Natl. Acad. Sci.
USA 96 (1999) 6336-6340.

[19] D. Ito, T.C. Back, A.N. Shakhov, R.H. Wiltrout, S.A.
Nedospasov, Mice with a targeted mutation in lymphotoxin-
alpha exhibit enhanced tumor growth and metastasis:
impaired NK cell development and recruitment, J. Immunol.
163 (1999) 2809-2815.

[20] Z. Qin, T. Blankenstein, Tumor growth inhibition mediated
by lymphotoxin: evidence of B lymphocyte involvement in
the antitumor response, Cancer Res. 55 (1995) 4747-4751.


http://www.fon.hum.uva.nl/Service/Statistics/Wilcoxon_Test.html
http://www.fon.hum.uva.nl/Service/Statistics/Wilcoxon_Test.html

D.V. Kuprash et al. | Cancer Letters 268 (2008) 70-75 75

[21] T. Hehlgans, B. Stoelcker, P. Stopfer, P. Muller, G.
Cernaianu, M. Guba, et al., Lymphotoxin-beta receptor
immune interaction promotes tumor growth by inducing
angiogenesis, Cancer Res. 62 (2002) 4034-4040.

[22] P. De Togni, J. Goellner, N.H. Ruddle, P.R. Streeter, A.
Fick, S. Mariathasan, et al., Abnormal development of
peripheral lymphoid organs in mice deficient in lymphotoxin,
Science 264 (1994) 703-707.

[23] D.J. Liepinsh, S.I. Grivennikov, K.D. Klarmann, M.A.
Lagarkova, M.S. Drutskaya, S.J. Lockett, et al., Novel
lymphotoxin alpha (LTalpha) knockout mice with unper-
turbed tumor necrosis factor expression: reassessing LTalpha
biological functions, Mol. Cell. Biol. 26 (2006) 4214-4225.

[24] B.B. Haines, C.J. Ryu, S. Chang, A. Protopopov, A. Luch,
Y.H. Kang, et al., Block of T cell development in P53-
deficient mice accelerates development of lymphomas with
characteristic RAG-dependent cytogenetic alterations, Can-
cer Cell 9 (2006) 109-120.

[25] T. Enzler, S. Gillessen, J.P. Manis, D. Ferguson, J. Fleming,
F.W. Alt, et al., Deficiencies of GM-CSF and interferon
gamma link inflammation and cancer, J. Exp. Med. 197
(2003) 1213-1219.

[26] G. Chen, D.V. Goeddel, TNF-R1 signaling: a beautiful
pathway, Science 296 (2002) 1634-1635.

[27]1 S.I. Grivennikov, D.V. Kuprash, Z.G. Liu, S.A. Nedospa-
sov, Intracellular signals and events activated by cytokines of
the TNF superfamily: from simple paradigms to complex
mechanisms, Int. Rev. Cytol. 252 (2006) 129-161.

[28] S. Rakoff-Nahoum, R. Medzhitov, Regulation of spontane-
ous intestinal tumorigenesis through the adaptor protein
MyD88, Science 317 (2007) 124-127.

[29] D.V. Kuprash, M.B. Alimzhanov, A.V. Tumanov, S.I.
Grivennikov, A.N. Shakhov, L.N. Drutskaya, et al., Redun-
dancy in tumor necrosis factor (TNF) and lymphotoxin (LT)
signaling in vivo: mice with inactivation of the entire TNF/
LT locus versus single-knockout mice, Mol. Cell. Biol. 22
(2002) 8626-8634.

[30] S. Mocellin, D. Nitti, TNF and cancer: the two sides of the
coin, Front. Biosci. 13 (2008) 2774-2783.

[31] M. Lukashev, D. Lepage, C. Wilson, V. Bailly, E. Garber, A.
Lukashin, et al., Targeting the lymphotoxin-beta receptor
with agonist antibodies as a potential cancer therapy, Cancer
Res. 66 (2006) 9617-9624.

[32] J.L. Luo, W. Tan, J.M. Ricono, O. Korchynskyi, M. Zhang,
S.L. Gonias, et al., Nuclear cytokine-activated IKKalpha
controls prostate cancer metastasis by repressing maspin,
Nature 446 (2007) 690-694.

[33] J.H. Egberts, V. Cloosters, A. Noack, B. Schniewind, L.
Thon, S. Klose, et al., Anti-tumor necrosis factor therapy

inhibits pancreatic tumor growth and metastasis, Cancer
Res. 68 (2008) 1443-1450.

[34] V.C. Gray-Schopfer, M. Karasarides, R. Hayward, R.
Marais, Tumor necrosis factor-alpha blocks apoptosis in
melanoma cells when BRAF signaling is inhibited, Cancer
Res. 67 (2007) 122-129.

[35] J.B. Swann, M.D. Vesely, A. Silva, J. Sharkey, S. Akira,
R.D. Schreiber, et al., Demonstration of inflammation-
induced cancer and cancer immunoediting during primary
tumorigenesis, Proc. Natl. Acad. Sci. USA 105 (2008) 652—
656.

[36] B.K. Popivanova, K. Kitamura, Y. Wu, T. Kondo, T.
Kagaya, S. Kaneko, et al., Blocking TNF-alpha in mice
reduces colorectal carcinogenesis associated with chronic
colitis, J. Clin. Invest. 118 (2008) 560-570.

[37] M. Oshima, H. Oshima, A. Matsunaga, M.M. Taketo,
Hyperplastic gastric tumors with spasmolytic polypeptide-
expressing metaplasia caused by tumor necrosis factor-
alpha-dependent inflammation in cyclooxygenase-2/micro-
somal prostaglandin E synthase-1 transgenic mice, Cancer
Res. 65 (2005) 9147-9151.

[38] L.K. Su, K.W. Kinzler, B. Vogelstein, A.C. Preisinger, A.R.
Moser, C. Luongo, et al., Multiple intestinal neoplasia
caused by a mutation in the murine homolog of the APC
gene, Science 256 (1992) 668-670.

[39] M. Feldmann, F.M. Brennan, B.M. Foxwell, P.C. Taylor,
R.O. Williams, R.N. Maini, Anti-TNF therapy: where have
we got to in 2005?, J Autoimmun. 25 (Suppl.) (2005) 26-28.

[40] P. Szlosarek, K.A. Charles, F.R. Balkwill, Tumour necrosis
factor-alpha as a tumour promoter, Eur. J. Cancer 42 (2006)
745-750.

[41] P. Orosz, B. Echtenacher, W. Falk, J. Ruschoff, D.
Weber, D.N. Mannel, Enhancement of experimental
metastasis by tumor necrosis factor, J. Exp. Med. 177
(1993) 1391-1398.

[42] Z. Qin, S. Kruger-Krasagakes, U. Kunzendorf, H. Hock, T.
Diamantstein, T. Blankenstein, Expression of tumor necrosis
factor by different tumor cell lines results either in tumor
suppression or augmented metastasis, J. Exp. Med. 178
(1993) 355-360.

[43] M. Harvey, M.J. McArthur, C.A.J. Montgomery, A. Brad-
ley, L.A. Donehower, Genetic background alters the spec-
trum of tumors that develop in p53-deficient mice, FASEB J.
7 (1993) 938-943.

[44] J. Rothe, W. Lesslauer, H. Lotscher, Y. Lang, P. Koebel, F.
Kontgen, et al., Mice lacking the tumour necrosis factor
receptor 1 are resistant to TNF-mediated toxicity but highly
susceptible to infection by Listeria monocytogenes, Nature
364 (1993) 798-802.



	Ablation of TNF or lymphotoxin signaling and the frequency  of spontaneous tumors in p53-deficient mice
	Introduction
	Results and discussion
	Genetic ablation of TNF or LT alpha  does not result in significant changes in survival of p53-null mice
	Genetic ablation of TNFR1 or combined ablation of TNF and LT does not significantly influences the disease onset or the spectrum of tumors in either p53-/- or p53+/- mice

	Concluding remarks
	Materials and methods
	Mice
	Pathology
	Statistical analysis

	Acknowledgements
	References


