TNF-o and Radiation-Induced Thymic Lymphomas
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INTRODUCTION

fn C57BL/Ka mice, a split-dose regimen of whole body x-ray irradin-
tions {4 X 1.75 Gy at weekly intervals, starting at one month of age) in-
duces a high incidence of thymic [ymphoblastic lymphomas (>90%) ().
During the 3-8 month latency period preceding the onset of lymphoma,
preleukemia cells (PLCs) are detected in the thymus, and also in bone
marrow, As shown by the /n vivo transplantation assay used for their
detection (2,3), these preleukemia cells depend upon thymic microen-
vironment for their progression towards tymphoma transformation (2,
4), PLCs most likely belong 1o the immature subsets of thymocytes (5-
8}. but the factors promoting their neoplastic conversion arc siill poorly
known. The deep alterations to the prethymic and intrathymic cell
populations observed after the split-dose irradiation regimen may con-
tribute to this promotion through a disturbance to the regulation of
thymocyte proliferation and differentiztion;- bone marrow prothymocyte
activities are reduced (4,8-10) intrathymic thymocyte precursors with
self renewal capacities and abnormai differentiation emerge (7), and the
thymic microenvironment. particularly some epithelial cells, the thymic
nurse cells (TNCs} {11), and dendritic cells (12) are altered. An ap-
proach to solve this question has been to study the mice which are given
a normal syngeneic bone mamow graft after iradiation. Such a graft in-
hibits the onset of thymic lymphomas (13). However, PLCs are tran-
siently present in the thymus (E1), which is actively repopulated by
grafted marmrow derived cells. whereas the abnormal lymphoid ceil
poputations disappear and the epithelial and dendritic cells are restored
{7. 8,9, 11). Thus. one may expect that this thymus restoration, or at
least one of its components, contributes to the elimination of PLCs and
to lymphoma prevention. We have proposed that bone mamrow grafting
might induce the production of cytokines, such as interferen-y (IFN-y) or
tumor necrosis factor-o (TNF-cr), or others, which would then eliminaie
PLCs directly or indirectly (14).

The present paper reports some selected data which indicate that ex-
ogenous TNF-u or IFN-y, injected into split-dose trradiated mice. mimic
several effects of bone marrow grafling, i.e., inhibition of lymphoma,
elimination of PLCs. thymocyte and TNC gestoration. Furthermore, we
present some preliminary studies  which indicate that bone marrow
grafiing induces TNF-o production in the thymus and that its effect can
be: partiaily inhibited by injection of anti-TNF-o antibodies.

RESULTS AN DISCUSSION

Exogenons TNF-c or [FN=y mimic the effects of bone murrow grafting
in split-dose irradiated mice (Table 1) As shown in the table and as
previously published (12, 15), the incidence of thymic Ivmphomas in
CSTBL/Ka mice which were given a normal bone marrow graft or ex-
ogenous TINF-a, was strikingly reduced; TEN-y was siightly less effi-
cient.

This inhibition of lymphoma development is related to the disap-
pearance of prelewkemia cells from the thymus:, whereas more than
90% of iradiated mice comained thymic PLCs on day 60 after irradia-
tien. such cells were detected in less than 10% of bone marrow grafted
or cytokine injected animals,
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Simulianeously, thymocyte differentiation was restored. Inthe 4 x L.75
Gy-treated animals, there was a significant increase of the CD4-CD8-
thymocytes, whereas the proportion of CD4+CD8+ ceils dropped (7).
Conversely, in TNF-o injected animals, as well as in bone marrow
grafted mice, the percentages were first also altered but Iater on they
retumed fo normal values.

Some components of the thymic microenvironment were also partially

" restored, as assessed by the estimation of the numbers of thymic

nurse cells. In fact, after the last irradiation, the numbers of TNCs were
very low in all the experimental groups of imadiated mice (<
5.000/thymus versus > 15,000/thymus in normal mice) (11). Later on,
from day 45 onwards, TNC numbers increased in cytokine-injected
animals to reach values intermediate between those seen in normal mice
and in irradiated animals. In bone marrow grafted animals, the restora-
tion was complete.

The observations on cytokine-inoculated mice raise many gquestions,
such as the mechanisms leading (o the partial restoration of thymic nurse
cells and thymocyte differentiation. Hence, the effects on thymocyte
differentiation observed might be due to the restoration of the precursor
compartment ia bone marrow; this mechanism is now under investiga-
tion, The restoration of TNCs might be a consequence of thymocyte
restoration. since TNCs result from interaction between immature
thymocytes and epithelial celts (1), Furthermore, a direct effect on the
epithelial celst might be involved since TNF-o and IFN-y can enhance
in vitro the ifemctions between thymocyte precussors and epitheliai
cells leading to the formation of TNC (15).

Evidence for TNF-o. production and activity in bone marrow grafted ir-
radiated mice: By using In situ hvbridization, TNF-oo mRNAs can be
detected in a few thymic cells. The numbcers of TNF-a-producing cells
in the thymus vary during fetal life, suggesting a role for this cytokine in
thymocyte ontogeny (17). In adult mice as well as in split-dose
irradiated animals, the number of TNF-o-mRNA-producing cells is very
low (about I positive cell per mm’ of thymus section), In bone marrow
grafted animals, there was an increase of positive cells, which was high-
ly significant on day 30 after the last irradiation (>8 cells/mm?) {(17).

The biological effects of endogencus TNF-o for fymphoma prevention
in bone marrow grafted mice is supported by the effects of injected rab-
bit anti-TNF-a antibodies (0.5 mgfweek for 6 weeks) on lymphoma in-
cidence in marrow grafted animals, The preliminary data presenty
available indicate that, whereas the incidence of thymic lymphomas was
about 2-5% in marrow grafied animals, it was increased to 40% in the
marrow grifted animals which have been treated with anti-TNF-a an-
tibodies.

Endogenous TNF-o. might thus be involved in the biological effects
after bone marrow grafting, The level of TNF-o mRNA producing cells
observed in the thymus of marrow gralted animals wag quite similar 10
that observed transiently in the fetal thymus (16). TNF- is thought to
contribute to the regulation of thymocyte expansion, in synergy with
other cytokines {18). It might also be involved in selection mechanisms,
involving apoptosis, at some stages of ontogeny (16). In marrow graflted
animals, similar mechanisms might be mediated by TNF-a and con-
tribute to lymphoma prevention, This view is supported by the prelimi-
nary data obtained with rabbit anti-TNF-« antibodies,

Altogether, cur data, which have 1o be completed, support the proposed
hypothesis that bone marrow grafting inhibits the onset of radiation —
induced thymic lymphiemas by acting on the cytokine network in the
thymus. Whether these cylokines act on preleukemic cells directly or
indirecty has stll to be defined. Furthermore, whether alterations to

83s




Table I. Comparison of Effects of TNF-a and IFN-g Treatments and Bone Marrow Grafting in Spiit-Dose Irradiated Mice

. Preleukemic cells®
Mouse treatment Incidence  of Incidence of Thymocyte differentiationf Thymich
lymphomasd lymphomas in nurse cells
recipient  amimals
4X1.75 Further CD4-CD§- | CD4+CD8+ | CD4+CDS- | CDACDar

Gy ireatment
- Q 0 1% 83% 3.9% 5% 17000
+ - 90% 90% 14.5% 46% 28.8% 10.7% 3000
+ BM grafib 5% 0 4.58 348 8.52 38 19000
+ mTNFg¢ 12% 5% 3.2% 81% 9.1% 3.7% 9000
+ mlFNy® 30% 4% 33% 33.6% 8.6% 4.5% [2000

*One-month old CSTBL/KA mice were given four whole-rody X

inoculations of 25,000 Ulweek,
as for mTFN-ut (13), “Established on day 300 after last irradiation,

estimated by the frequency of thymic lymphomas of donor type obse
and/or CD8 on day 60 after irradiation (7). BFrom Rongy et al. (7).

such networks in split-dose irradiated mice may be the promoting fac-
tors for preleukemia cells is now under investigation.
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