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Tumor Necrosis Factor and Interferon v Inhibit the Development of Radiation-induced
Thymic Lymphomas in C57BL/Ka Mice

Jacques Boniver, Chantal Humblel, and Marie Paule Defresne

Liboratory of Pathological Anstomy and Cywopathutogy, Department of Patholopy, University Hospital-of Liege. Licge. Belgium

Recomblnant tumor necrosis factor end/or ~-interferon were
injected Into C57BL/Ka mice atler completion of 8 whole body
split dose Irradialion, which usually Induces thymic lymphomas
in more than 90% of the animals. The survival &nd the incldence
of thymic lymphomas were significantly reduced in the cytokine-
injected irradiated mice. The protective etfect was simliar to that
obtained by gratting normel bone marrow cells after Irradiation.
The mechanisme of lymphoma Inhibition by TNF or IFN-y are
discussed. ' '

INTRODUCTION

HOLE body fractionated irradiation (4 x 1,75 Gy ut’

weekly intervuls) of C57BL/Ka mice induces thymic
lymphomas in more than 95% of the animals (1). The euke-
mogenic irradiation acts on some subscts of lymphoid cells
(2. 3). leading to their transformation into potential ncoplastic
cells (or **preleukemic cells™) which are found in the thymus,
und later on in bone marrow. during the latency period pre-
ceding the onsct of lymphomas (4). For progression 1o lym-
phomu growth, preleukemic cells require a thymic
microcnvironment. since they give fise to tumors only in thy-
mus bearing, but not in thymectomized animals (4, 5).

Interestingly, lymphoma development can be inhibited if'a grafl
of nommal bore marrow cells is given early after the split duse
irradiation (6), This treatment, however. docs not prevent the
emergence of preleukemic cells (7. 8), which disappear during
the second month (B). The mechunism of lymphoma inhibijtion
by the bone marrow praft is still poorly known. Active thymic
repopulation by grafied Iymphoid precursors and simultancous
restoration of thymic epithelium have been described and pro-
poscd as the protective mechanisms (1, 4. 8, 9).

This marrow-mediated thymic reconstitution mipht lcad to
the recovery of intrathymic paracrine sceretions. which would
result in the climination of preleukemic cells and. hence. lym-
phomu prevention. Gamma interferon (IFN-y) and wmor pe-
crasis fuctor (TNF) are pood candidates for such effeets. Indecd.
it has been shown that some subsets of thymic cells can produce
these cytokines (10, O. Stutman, personal communication).

They also display stimulating effects on several thymic stromal
cells including epithelial celis by enhancing class 11 MHC an-
tigens expression (11, 12. M. P. Defresnc et al. in preparation),
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Furthermore, they are potentially capable of destroying neo-
plastic cells (13-15); they can even act in syncrgy (15).

As @ preliminary approach in studying the possible role of
JFN-v and TNF-o as mediators of the protective role of bone
marrow prafling, we determined the incidence of thymic lym-
phomas in mice that had been inoculated with IFN-vy or TNF-
o after & leukemogenic split dose irradiation. We observed a
significant reduction of mortality and of thymic lymphama
incidenee,

MATERIALS AND METHODS

Animals, C57BL/Ka mice originating from Stanford University
(Stanford. CA) were raised in our animal colony.

Irradiotions. Five- w 6-week-ald female mice were whole body
irradiated with 4 doscs of 1.75 Gy applicd s weckly intervals, The
conditions were: Stabilivolt Sicmens. 190 kv, 18 mA. 0.5 nim Cu
filer, foca! distance of 35 cm. dose rute: 1.6 Gy/min.

{FN-y and TNF-a Treatments. Murine r-IFN-y (2,107 Ufmg) and

hemin rTNF-a (6.107 Usmp), produced by Genentech and kindly

provided by Bochringer Ingeiheim Internationa). were diluted in RPM]
1640 supplemented with 10%. fetal calf serum; 200-p! aliquots con-
taining either 4 x 104 U IFN-y o7 2.5 % 10* U TNF-a or # mixture
of both were injected i.p. on day 1 afier the Jast 1.75 Gy irradiation.
Three injections per week (one every second day) during the first 6
weeks were performed. There were 16 mice in each experimental
group. A proup of 16 imadiated mice was used as control.
Sravistical Analvsis. The survival curve was estublished according
1o Kaplan and Meier (16). The Mantcl-Haentze) test (17) was used 1o
compare the differences between the various experimental groups.

RESULTS

The curves in Figures | and 2 show the survival and incidence
of Iymphomas in the TNF-o and IFN-y inoculated irradiated
mice as compared with control irradiated animals. In this Tep-
resentative obscrvation, there were 16 mice in each experi-
mental group.

The incidence of thymic lymphomas was significantly lower
in the three groups of mice that received <ytokine injections
than in the only iradiated animals (p < 0.05). There was no
significant difference between the three groups of cytokine-
injected mice. Similar observations were made for survival.

DISCUSSION

We report here that repeated injections of r-TNF-a or r-JFN-
7y after a leukemogenic split dose irradiation prevents the onsct
of thymic lymphomas in C57BL/Ka mice. These ¢ffects are
reminiscent of those obtained by a bone marrow transplantation
(6) or. to minor extent, after inoculation of sheep spleen extracts
(18) or supemnatants of Newcastle disease viros infected fibro-
blasts (with a B-interferon type antiviral activity) (19),
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Figure 1, Survival of 4 % 1.75 Gy irradieted C57BL/a mice: controls (—); + IFN-y {—-); + TRF () + IFN-y and TNFg {--o: ). P, represents the

probabliity of survival, acoording to Kaplan and Meler {17},
The present observations clearly demonstrate that IFN-y and
TNF-o, besides their well-documented anticancerous effects in -

vitro and in vivo (12-14), can also act on prencoplastic tissues
and thus disrupt the multistep process, which, in this experi-
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mental syslém, leads 1o the development of lymphomas. Whether
the cytokines, which are produced by cells of the immune

- system, act on the preleukemic cells indirectly or directly re-

mains to be solved. :
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Figure 2 Cumutative lymphome incidence In & x 1.75 Gy irradisted C57BL/Ka mice: controls (—); + IFN-y {—); + ™NF (); + IFN-y and TNF-
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In favor of a dircct mechanism is the fact that scveral types
of ncoplastic cclls are susceptible 1o the cytotoxic effecis of
TNF-a (12, 13). A similar ¢ffect on prencoplastic eells has not
yet been deseribed. Alternatively, the protective effect might

be indirect,
We have recently shown that both IFN-+y and TNF-a increasc

the frequency of inferactions between immature thymocytes
and thymic cpithclial cells, most likely through MHC antigens
overexpression (20).

As lymphocpithelial interactions are altered in the preleu-
kemic thymuses of irradiated mice, one can postulate that TNF-
a and IFN-+y restore them; preliminary data arguc in favor of

this view (M. P. Defresne et al., in preparation).  further

experiments conftrm these obscrvations, it still has 1o be ex-
plaincd how the restoration of lymphoepithelial interactions
results in the elimination of prelcukemic eclls,

Onc should also ask whether the well-known protective effect
of bone marrow grafting apainst radiation-induced lymphomas
is related to IFN-y and TNF-a. The leukemogenic split dose
irradiation might deplete the IFN-y or TNF-o producing thymic
cclls, since a deplction of CD4+ cells (21) and macrophapes
(N. Collignon et al., in preparation) has been observed. The
bone mamrow graft, which provides precursors of all hemato-
poictic cells, including T cclls and macrophages, might restore

these thymic populations and hence the intrathymic production -

of both eytokines. The fact that bonc marrow transplantation
acts on lymphocpithelial interactions (8) in the same way as
TNF-x or IFN-y pleads in favor of these hypotheses, which
arc now submitted 1o investigation in our laboratory.

We proposc that the cytokine-mediated inhibition of the mul-
tistep process of carcinogencsis in this mode! is of interest for
developing new strategics leading to the eradication of pre-
neoplastic lesions in human paticnts and in preventing recur-
rences after treatment of cancers,
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