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The contribution of NF<B activity to spontaneous proliferation and resistance to

apoptosis in human T-cell leukemia virus type 1 Tax-induced tumors

Toni Portis, John C. Harding, and Lee Ratner

Human T-cell leukemia virus type | is the
etiologic agent of adult T-cell leukemia/
lymphoma. The Tax protein of this virus is
thought to contribute to cellular transfor-

mation and tumor development. In this
report, we have used a Tax transgenic
mouse model of tumorigenesis to study

the contribution of nuclear factor (NF)- kB

activity to spontaneous tumor cell prolif-
eration and resistance to apoptosis. We

have demonstrated elevated expression
levels of NF- kB—inducible cytokines, in-
cluding interleukin (IL)-6, IL-10, IL-15, and
interferon (IFN)- v, in freshly isolated pri-
mary tumors from Tax transgenic mice.

Inhibitors of NF- kB activity, sodium salicy-
late and cyclopentenone prostaglandins

(prostaglandin A ; and 15-deoxy- A(12,14)-

prostaglandin J ), blocked spontaneous
proliferation of Tax transgenic mouse spleen

cells. In addition, Tax-induced tumor cells,
which are resistant to irradiation-induced
apoptosis, became sensitive to apoptosis in
the presence of sodium salicylate and pros-
taglandins. These results strongly suggest
that Tax-mediated induction of NF- kB activ-
ity contributes to tumorigenesis in vivo.
(Blood. 2001;98:1200-1208)
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Introduction

Human T-cell leukemia virus type | (HTLV-1) is the causative agent There is mounting evidence that NdB dysregulation is
of adult T-cell leukemia/lymphoma (ATLL) and is associated witlimportant for tumorigenesis. For instance, NB-activity was
a variety of inflammatory diseases, including HTLV-l-associateshown to protect Epstein-Barr virus (EBV)-infected cells from
myelopathy/tropical spastic paraparestddTLV-I Tax is a nuclear apoptosis induced by TNE&; contributing to increased prolifera-
phosphoprotein that transactivates viral gene expression by actitain of B lymphoblastoid cell$’ TNF-a coactivates the NkB
ing cellular transcription factors which, in turn, bind Tax-pathway, which is then able to limit apoptosis, presumably through
responsive elements located in the viral long terminal rep€&x  up-regulation of anti—apoptotic gene transcriptidtlowever, in
has been shown to transactivate cellular gene transcription thye absence of new protein synthesis, TédHnduced apoptosis
acting on proteins such as cAMP response element/activatipgpceeds through caspase activation. Indeed, activation ofBNF-
transcription factor family membefs, serum response factots, has been reported to block caspase-8 actiityTNF-a can also
and Rel/nuclear factor (NRB proteinsi®-12 This is thought to induce apoptosis in EBV-transformed lymphocytes in whichi®d--
contribute to deregulated T-cell proliferation and transformation. activity is inhibited, and this is associated with decreased expres-
The Rel/NFxB proteins in mammalian cells consist of 5sion of the anti—apoptotibcl-2 and bcl-xlI genes® Research
members: p50, p52, p65, c-Rel, and ReéiB* These family indicates the latent membrane protein (LMP)-1 of EBV activates
members contain a Rel homology domain, a conserved regionNfF-xB by associating with TNF receptor (TNFR)-associated
approximately 300 amino acids, which is involved in dimerizatiorfactors (TRAFs 1 and 2) and TNFR-associated death domain
DNA binding, and nuclear localization. These proteins formprotein (TRADD)?122NF-kB has also been shown in transfection
homodimers or heterodimers with other family members arekperiments to suppress p53-mediated apoptosis by competition
positively regulate a number of cellular genes whose produdts limiting quantities of transcription factors, specifically p300 and
mediate immune and inflammatory responses as well as lymphop8REB binding proteir#?
liferation. In particular, NF«B stimulates production of cytokines,  Several studies have indicated that NB-is constitutively
including interleukin (IL)-1, IL-2, IL-6, IL-8, IL-10, IL-15, tumor active in Tax-expressing and HTLV-I-infected T-cell lines as well
necrosis factor (TNF), and interferon (IFR®)61n resting lympho- as primary ATLL cells$?4#25 Furthermore, HTLV-I-transformed
cytes, NFkB dimers are sequestered in the cytoplasm in atells and tumor cells from ATLL patients have been reported to
inactive form by association with an inhibitorykB subunit. express elevated levels of cytokines containing df~enhancer
Following cellular activation, multiple kinase cascades lead ®lements. These include IL-1, IL-2, IL-6, IL-8, IL-10, IL-15,
serine phosphorylation okB by IkB kinases (IKKs) and proteo- TNF-«, and IFN+.#16.24-28There is evidence that Tax induces the
some-mediated degradation, resulting in the release of an actilegradation ofdBa, which may allow for constitutive activation
NF-«xB complex that translocates to the nucleus. In the nucleusf,NF-«xB in HTLV-I-infected T-cell lines?*-31An additional step in
NF-kB transactivates genes containing specific consensus #@s process is thought to involve formation of nuclear structures
guences in their &transcriptional regulatory regiong1® that contain Tax colocalized with NkB subunits p50 and RelA
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along with components of the cellular transcription and splicinuclear extracts

machinery* Studies Ut'“,z'ng gn |m‘ect|0u§ HTLV-| chne ,haveTissues from transgenic mice were dispersed in 1 mL of cell lysis buffer (40
demonstrated that mutations in Tax that disrupt ®B-activation 1\ kci, 10 mM Hepes, pH 7.0, 3 MM MgGl1 mM DTT, 5% glycerol, 7
prevent cellular immortalization, while mutations that disrupfig/mL aprotinin, 2pg/mL leupeptin, 0.5 mM PMSF, and 0.2% Nonidet
CREB/ATF and SRF activation have no effect on immortalizaP40 (NP-40) (vol/vol), incubated for 10 minutes at 4°C, and nuclei pelleted
tion 8961 Tax-induced activation of NkB has also recently been at 14 00@ for 10 minutes. Nuclei were resuspended in nuclear extract
shown to correlate with inactivation of p53 function in T céfis. solution (20 mM Hepes, pH 7.9, 0.42 M KCI, 1.5 mM Mg(D.2 mM
Importantly, p53 inactivation could be overcome by addition of a@('))TA' 0.5 mM4E’(T:Ta9-f m'(\j/'fPM;Fh%% glnyéO' ("C_’VVO'Z)bi”C'\‘jlbgted for y
B muant i revents N3 actvatio o by exressing Taxin 10T & s 4 st soane 0 epee
p65-deficient _cell§. Furthermore, Tax-mediated mductlop of volivol), quantitated by the Bradford assay, and stored@°C.

Bcl-xl expression through NkB was reported to be associate

with development of IL-2 independence and resistance to apoptogis«B DNA binding activity

in mouse T cell§435 RNA bindi tivity d by 2 techni Electrophoreti
. . . . Inding activity was measure y echniques. ectropnhoretic
We have previously reported that transgenic mice expressi bility gel shift assays were performed witd?Flend-labeled and

HTLV'I Tax.from the human granzyme B promoter develc)pannealed oligonucleotides corresponding to the dB<binding site of the
primary, peripheral lymphomas at 6 to 9 months of age, and th&ggrine 19 kappa gene with the following sequence: CCGGTTAACAG-
lymphomas spread to the mesenteric lymph nodes, bone marra@GGGGCTTTCCGAG. Binding reactions were performed for 15 min-
spleen, liver, and lung¥.These tumors consist primarily of CD8 utes at room temperature with or without 100-fold excess of cold
T cells and natural killer (NK) cells. Tumor cells exhibit elevatedligonucleotide with 5ug of nuclear extract, ug of poly (dI-dC)
production of IL-kx and IL-18, IFN-y, granulocyte-macrophage (Amersham) and X Superdex buffer (25 mM Hepes, pH 7.9, 12.5 mM
colony-stimulating factor, and constitutive cell surface expressidfgClz 10 uM ZnSQ, 150 mM KCI, 4 mM 2-mercaptoethanol, 20%
of intercellular adhesion molecule-1, lymphocyte funC,[ionLvoI/voI] glycerol, 0.1% NP-40) and 50 000 cpm of labeled oligonucleotide.

iated ti 1 d lat tigéh-We h : The DNA-protein complexes were resolved by electrophoresis on a 5%
associated antigen-1, and very lale antigen-ie have since polyacrylamide gel for 4 hours at 165 V at 4°C inrKITGE buffer (25 mM

reported that fresh tumors and tumor-derived cell lines from Téxis_ci pH 8.5, 190 mM glycine, 1 mM EDTA).
transgenic mice are resistant to irradiation-induced apoptosis andaiternatively, using an ELISA assay, p65-p50 DNA binding activity
that tumor and spleen cells from Tax transgenic mice proliferaééas measured with 1Q.g of nuclear extract with the Trans-AM kit
spontaneously when placed in cultd?eln this study, we have according to the manufacturer’s recommendations (Active Motif, Rixen-
more closely analyzed cytokine expression in tumor cells from T&Rrt, Belgium). Background levels obtained using 100-fold levels of cold
transgenic mice and have used anti-inflammatory inhibitors gpmpetitor were subtracted from each experimental determination.
NF-kB, sodium salicylate and cyclopentenone prostaglandins, g&ase )

. S . . protection assays
determine the contribution of this pathway to spontaneous prolifera-
tion of tumor cells and resistance to apoptosis. Total RNA was extracted either directly from mouse tissues or from
cultured cells using TRI reagent (Sigma). Cultured mouse spleen and tumor
cells were treated with sodium salicylate or blocking antibodies for 16
hours at 37°C prior to RNA extraction. RNA (10.g) was used in
ribonuclease (RNase) protection assays using the Riboquant multiprobe
cytokine system (PharMingen).

Materials and methods

Reagents
ELISAs

Sodium salicylate was obtained from Sigma (St Louis, MOg, & stock ) .
Cells from mouse spleen or primary tumor tissues X100° or 5 x 10°

solutions were prepared. ProstaglandiRGA;) and 15-deoxyA(12,14)- - .
prep g IRGA) A( ) cells per well, respectively) were added to 6-well plates in 3 mL RPMI,

prostaglandin zJ(15dPGJ) were purchased from Cayman Chemical (Ann o
Arbor, MI). Neutralizing rat antimouse monoclonal antibodies to IL-6 anguitured for 16 hours at 37°C, and supernatants were collected. Standard

IL-10 were purchased from PharMingen (San Diego, CA). Rabbit antltlenzyme-llnked immunosorbent assays (ELISAS) using the OptE1A mouse

mouse polyclonal antibodies to IFidand GST were a generous gift from
Dr Bob Schreiber (Washington University, St. Louis, MO). Monoclon
antibodies to the murine IL-2 recept@r (IL-2RB) chain were produced
from a hybridoma (TMB1)®” and purified on immobilized protein G
columns (Pierce, Rockford, IL).

L-6 and IL-10 systems were carried out according to the manufacturer’s
instructions (PharMingen). The absorbance was read at 450 nm using an
LISAreader.

Thymidine incorporation assays

Mouse spleen cells (18 10° cells per well) were added to 6-well plates in

) 3 mL RPMI and cultured for 4 hours following sodium salicylate treatment
Mouse tissues or 2 hours following prostaglandin treatment. Then, 1.1 MBq per well of
Granzyme B-Tax transgenic mice were generated as previously &ﬂﬂ]thymidine was added to cultur(_es and incubatefj _for _14 hours a_t 37°C.
scribed®® All mice were bred and maintained under pathogen-free eond ells were har\{est_ed 0_nt9 glgss fllters_, and thymldl_r_le incorporation was
tions in accordance with Washington University animal care guidelineggant'tated by liquid scmtlllgtlon f:ountlng. Cell viability was also deter-
Fresh tumors and tissues removed from mice were released into Rlﬂi(}”md by trypan blue exclusion prior to cell harvest.
(Life Technologies) supplemented with 10% fetal bovine serum, 1%

L-glutamine, 1% sodium pyruvate, and 1% penicillin/streptomycin. Eryth'e‘poptOSIS assays

rocytes in splenocyte preparations were lysed with 155 mM ammoniupriesh tumor and spleen cell suspensions were incubated in the presence or

chloride, and cells were washed prior to culture at 37°C. The tumor-deriva@sence of 10 mM sodium salicylate for 20 hours prior to treatment with 20
F8 and SC large granular lymphocytic (LGL) cell lines have been describ&y (2000 rad)y-irradiation. Five hours postirradiation,» 10° cells were
elsewhere and were maintained in RP¥IF¢When indicated, splenocytes dual-stained with fluorescein isothiocyanate—conjugated antibody against
from nontransgenic (NT) control mice were treated with 500 U/mL IL-Zannexin V and propidium iodide as described by the manufacturer
and 10p.g/mL phytohemagglutinin (PHA). (PharMingen). Apoptotic cells were measured by FACS analysis on a
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FACScan flow cytometer (Becton Dickinson). Fresh tumor and spleen ceffansgenic mice (Table 1). Significantly higher levels of RE-

treated with PGAand 15dPGgwere incubated 16 hours prior to annexin Vactivi’[y were seen in peripheral tumors than splenocytes from Tax

staining and FACS analysis. transgenic mice, and both were higher than uninvolved tissues,
including heart, kidney, and brain. The effects of several inhibitors
of NF-«kB induction were also examined using this assay (Table 2).

Results Concentrations of 1 mM or 10 mM sodium salicylate were tested
o ) and resulted in 19% and 32% inhibition of NdB activity, re-
NF-«B activity in Tax-induced tumors spectively. ProstaglandinAPGA,) and 15-deoxyA!214prostaglan-

gén J (15dPGJ), both tested at 2QuM, resulted in inhibition of

We have previously shown that tumors from Tax transgenic mi - )
NF kB activity of 46% and 32%, respectively.

express elevated levels of IFNand GM-CSF, cytokines known to
be activated by Tax through the N&B pathway:® Therefore, we  cytokine expression in Tax-induced tumors
sought to determine whether N&B activity is elevated in Tax
transgenic tumors compared to uninvolved tissues. For this pWie have previously observed that tumor cells from Tax transgenic
pose, electrophoretic mobility shift analyses were performed withaice undergo spontaneous proliferation when placed in culture in
double-stranded radiolabeled oligonucleotide corresponding to ke absence of growth factoi$itherefore, we utilized RNAse
NF-kB binding site of the murine Ig kappa gene, in the presence protection assays with multiple cytokine probes to perform a more
absence of 100-fold excess of unlabeled competitor oligonucle@xtensive analysis of cytokine mRNA expression in freshly isolated
tide. Figure 1 shows retarded NéB-DNA complexes derived tumors. As shown in a representative gel in Figure 2, primary tail
from nuclear extracts from peripheral tumors arising on the noggmors (lane 2), spleen tumors (lane 3), and the F8 tumor—derived
leg, or foot, as well as extracts from fresh splenocytes. Contretll line (lane 4) each expressed elevated levels of IL-10, IL-15,
tissues without tumor infiltration, eg heart, showed no ®B-- and IFN-y compared with spleens from NT control littermates
activity (Figure 1). (lane 1). Primary, peripheral tumors also expressed elevated levels
An ELISA format was also used to examine DNA bindingf IL-6 (lane 2).
activity of p65-p50 NFxB heterodimers in tissues from Tax Levels of IL-6 and IL-10 secreted from tumor cells were

542 Nose Tumor
542 Nose Tumor
+ Cold Oligo

542 Spleen

542 spleen

+ Cold Oigo

579 Leg Tumor
579 Leg Tumor
+ Cold Oligo

579 Spleen

579 Spleen

+ Cold Oligo
524 Foot Tumor
524 Foot Tumor
+ Cold Oligo

524 Heart

524 Heart

+ Cold Oligo

Figure 1. NF- kB activity in Tax transgenic

mouse tumors. Nuclear extracts were pre-
pared from Tax transgenic tissues, and represen-
tative results from 3 animals (#524, #542, and
#579) are shown. Tissues used included tumors
arising on the nose, leg, or foot, as well as
spleens with tumor involvement or uninvolved
heart tissue. Electrophoretic mobility gel-shift
assays were performed in the absence or pres-
ence of 100-fold excess of unlabeled oligonucle-
otide (indicated as “+ Cold Oligo”). The posi-
tions of the retarded NF-kB-DNA bands are
indicated by the arrows on the left, indicating the
positions of DNA bound to the p65-p50 het-
erodimer and p50-p50 homodimer of NF-kB.
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Table 1. NF-kB activity in Tax transgenic mouse tissues

Tissue Optical density§

Peripheral tumors* 0.493 + 0.186
Splenocytest 0.140 * 0.012
Control tissuest 0.015 = 0.010

*Nuclear extracts were prepared from 6 peripheral tumors from 6 different
animals, of which 5 tumors arose on an extremity and 1 tumor arose on the nose.

TNuclear extracts were prepared from uncultured splenocytes of 3 different
animals.

FNuclear extracts were prepared from 4 tissues from 2 animals (from heart, 2
kidneys, and brain).

§p50-p65 NF-kB DNA binding activity was measured in an ELISA format. Means

NF-kB ACTIVITY IN HTLV-| TAX TUMORIGENESIS 1203

of primary tumor cells (Figure 4). Spleen cells from NT control mice
were also stimulated with IL-2 and PHA for 16 hours while Tax spleen
cells were left untreated. As shown in Figure 4A, proliferation of Tax
spleen cells was significantly inhibited by treatment with 10 mM
sodium salicylate but not with 1 mM sodium salicylate. The percentage
of viable cells was determined by trypan blue exclusion after treatment
with 10 mM sodium salicylate, and no effect on viability was seen after
treatment for 18 hours (Figure 4B).

The ability of sodium salicylate to inhibit cytokine expression
in tumors was then measured by RNase protection assays. As
shown in Figure 5, the patterns of cytokine expression in Tax

and standard deviations are listed. spleen cells was altered when cells were placed in culture

overnight, which correlates with results shown in Figure 3. This
includes lower levels of IFNr MRNA and higher levels of IL-6

verified by ELISA following overnight growth in culture. Unfortu- . .
nately, we were unable to test for production of IL-15 by thi nd IL-10 mRNA and protein levels in cultured versus uncultured

method because of a lack of reliable antibodies to mouse IL-15. gx splenacytes (compare Figures 2, 3, and 5). Cytokine expres-

shown in Figure 3A, IL-6 secretion was elevated in primary Tax tail > " cultured Tax spleen C?”S resembled that of IL'Z/PHA._
and foot tumors and spleen cells compared with spleen cells fr mulated NT spleen cells, which demonstrated strong expression

NT control mice. As shown in Figure 3B, IL-10 secretion wa IL-6,1IL-SL, I;.lIOF IL-13, IL-15, and IFN+ _(]!_Zlgurt'? 5 CI:)mpa(rje_
abundant in the F8 and SC tumor—derived cell lines grown nes 1 and 7). IFNy expression was significantly enhanced in

culture. However, IL-10 levels in Tax tumors and spleen cells We;élmulate_d control spleen cells when compared W'th. Tax spleen
ells, while IL-6, IL-10, and IL-13 were expressed at higher levels

.. . . K C
similar to levels in NT control spleens following overnight growth .
P 9 gnto Tax spleen cells (Figure 5, compare lanes 1 and 7). Upon

in culture. The discrepancy between IL-10 mRNA and proteipl1 .. . ;
expression is likely due to changes in cytokine expression th%qd'tlon of 1 mM sodium salicylate, the levels of IL-10 mRNA

occur when cells are grown in vitravhich may not reflect the We(;ethnoltlceel\blyf:idfé:eldl_ 'g Ta>(<js”;:)Ieen ceIIséFlgudrg 5?.’ Iar|1etsdl-3)
levels expressed in tumors in vivo. and the levels of IL-10, IL-6, and IFN-were reduced in stimulate

. é\bT spleen cells (Figure 5, lanes 7 and 8). Following addition of 10
p/l sodium salicylate, levels of IL-6, IL-10, IL-13, and IFin
ax spleen cells were reduced (Figure 5, lanes 4-5). But levels of
IL-15 mRNA were not significantly altered by sodium salicylate
treatment. Treatment with blocking antibodies to IL-6, IL-10,

tumors contribute to autocrine cell growth as demonstrated in ot
systems&-41we treated cells with neutralizing antibodies to IL-6,
IL-10, and IFN+y, either alone or in combination. Additionally, we
used an antibody generated against the Il32fRain, which has
been shown to block IL-15 activi{/. Following a 16-hour treat
ment with antibodies, the levels ofH]thymidine incorporation
were measured. Addition of blocking antibodies, either alone or in
combination, did not affect proliferation of Tax tail tumor or spleen
cells (data not shown). These experiments were repeated for
incubation periods ranging from 16 to 48 hours and with doses of
neutralizing antibodies ranging from 0.5 to 2@)/mL, and no
significant difference was observed compared with untreated
cultures (data not shown).

Tax Spleen

NT Spleen
Tax Tail
F8 LGL

_ ) o _ -IL-10
Sodium salicylate abrogates proliferation and cytokine
expression in Tax-induced tumor cells -IL-15
Because IL-6, IL-10, IL-15, and IFN-have each been described as -IL-9
NF-kB-responsive genég*we set out to determine whether
NF-«kB activity specifically contributes to spontaneous prolifera- -IL-6
tion of Tax-induced tumor cells. To do this, we treated tumor cells -IFN-g
with sodium salicylate, an anti-inflammatory inhibitor of 1K
activity.*? Following a 16-hour treatment with sodium salicylate,
the levels of $H] incorporation were measured. For these experi
ments, we measured proliferation of spleen cells only, because their -L32
proliferation levels were consistently 3- to 4-fold higher than those
-GAPDH
Table 2. NF-kB activity in cultured splenocytes from Tax transgenic mice
Culture Inhibition 1 2 3 4
1 mM sodium salicylate 19% Figure 2. Cytokine mRNA expression in Tax transgenic mouse tumors. Total
10 mM sodium salicylate 32% RNA (10 ng) was extracted from fresh NT (lane 1) and Tax transgenic mouse tissues
20 uM PGA; 46% (lanes 2 and 3) or from the tumor-derived F8 LGL cell line (lane 4) and used in RNase
20 uM 15 dPGJ, 31% protection assays using a multiprobe cytokine system. The L32 and GAPDH probes

were used to demonstrate equivalent RNA levels in each sample. A total of 4 primary
Tax-induced tumors and 5 Tax spleens were analyzed, and a representative gel
is shown.

Splenocytes were cultured from 2 different mice for 18 hours in the indicated
concentrations of each inhibitor, and the mean level of inhibition is listed.
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A late, PGA, and 15dPGJto inactivate this pathway. Others have
<00 shown that sodium salicylate inhibits N activation and
15001 induces apoptosis in human celfs'®> Spleen cells from NT mice
E were sensitive to apoptosis induced by sodium salicylate or
g 1000 irradiation, as demonstrated by annexin V and propidium iodide
dual positivity (Figure 7A, top row, 56% and 51%, respectively).
500 NT control spleen cells also exhibited apoptosis following manipu-
P T . lation and growth in vitro with no additional treatment (41%). In
F8 sc NT Tax  TaxTail Tax Foot contrast, spleen cells from Tax transgenic mice were relatively
Spleen  Spleen resistant to apoptosis induced by irradiation (Figure 7A, middle
row, 35%) but more sensitive to sodium salicylate treatment (50%).
w— The resistance to irradiation-induced apoptosis was less pro-
nounced in Tax spleen cells compared with primary Tax tail tumor
2 i A 600000
E 1000 - mms
E 1mM SA
500000 1 0 10mM SA
500 400000 -
, i I B . .
) a. 300000 -
F8 sC NT Tax  Tax Tail Tax Foot ©
Spleen Spleen
. o . 200000 -
Figure 3. IL-6 and IL-10 production in Tax transgenic mouse tumors. A total of
107 cells from NT and Tax transgenic mouse spleen or primary tumor tissues and
tumor-derived F8 and SC LGL cell lines were cultured for 16 hours. Supernatants 100000 -
were used in ELISAs to measure (A) IL-6 and (B) IL-10 production. Error bars
represent the percent SE of 3 separate experiments using tissues from 3 NT and 3 0 . .
Tax transgenic mice. NT Spleen Tax Spleen
IL-15, and IFN+y did not appear to have a significant effect on B & T SA
. . . M 10mM SA
cytokine mRNA expression (Figure 5B, lanes 6 and 10). 00
The effects of sodium salicylate on cytokine secretion in Tax
spleen cells were also measured by collecting cell supernatants at e
the time of RNAisolation. As shown in Figure 6A and in agreement Z
with Figure 5, IL-6 production was elevated in Tax spleen cells g 0
(2000 pg/mL) compared with IL-2/PHA—stimulated NT control 52
spleen cells (900 pg/mL). IL-6 production was inhibited approxi- 40
mately 2.5-fold in Tax spleen cells and stimulated NT spleen cells
following treatment with 10 mM sodium salicylate. In agreement 20
with results shown in Figure 5, IL-10 production was much lower
th_an IL-6 secretion from both Tax spleen (_19_0 pg/r_n_l__) a_nd P .
stimulated control spleen cells (100 pg/mL). A similar inhibition in
IL-10 secretion was observed following treatment of Tax spleen cells C 300000
X . g . . CINT Spleen
with 10 mM as well as 1 mM sodium salicylate (Figure 6B). This effect € Tax Spleen
was not as dramatic in stimulated NT control spleen cells. 250000 1
Cyclopentenone prostaglandins inhibit proliferation 200000 1
of Tax-induced tumor cells E 150000 -
We used additional inhibitors of IKK activity to demonstrate the 100000 1
specificity of the antiproliferative effects we observed using 50000 -
sodium salicylate. Cyclopentenone prostaglandins, including;PGA
and 15dPG;) have recently been demonstrated to directly inhibit 0 T .

IKK B in human cellg'*As shown in Figure 4C, PGgand 15dPGy
significantly inhibited proliferation of splenocytes from Tax trans-

mock  10uM PGA1

20uM PGA1  10uM 20uM
15dPGJ2  15dPGJ2

genic mice at concentrations of W and ZOMM but demon- Figure 4. Sodium salicylate and cyclopentenone prostaglandins inhibit sponta-

strated no effect on proliferation of IL-2— and PHA-s’[imuIa’[eqrI
splenocytes from NT control mice.

eous proliferation of Tax transgenic mouse splenocytes. (A) A total of 107
pleen cells from NT and Tax transgenic mice were cultured for 4 hours following
sodium salicylate or mock treatment. NT splenocytes were also stimulated with 500

o - ) U/mL IL-2 plus 10 wg/mL PHA. Then, 1.1 MBq per well of [*H]thymidine was added to
NF-kB inhibitors render tumor cells sensitive to apoptosis cultures, and thymidine incorporation was measured after a 16-hour incubation. (B)
The percent cell viability was determined by trypan blue exclusion prior to cell

We have previously demonstrated that tumor cells from Taparvest. (C)Atotal of 107 spleen cells from NT and Tax transgenic mice were cultured
transgenic mice are resistantidrradiation—induced apoptosﬁ%. for 2 hours following PGA;, 15dPGJ,, or mock treatment. NT splenocytes were also

. . . . ._stimulated with 500 U/mL IL-2 plus 10 pg/mL PHA. [*H]thymidine was added to
To determine whether NkB activation contributes to apOptOSIScultures, and thymidine incorporation was measured 14 hours later. All experiments

resistance, we used the anti-inflammatory inhibitors sodium saliGyere performed in triplicate, and error bars represent the percent SE.
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Tax Spleen NT Spleen that anti-inflammatory inhibitors of the NkB pathway, sodium
f salicylate and cyclopentenone prostaglandins, render previously

resistant tumor cells sensitive to apoptosis. These results strongly
suggest that Tax-mediated induction of MB-activity contributes
to tumorigenesis in vivo.

We have demonstrated elevated expression levels okBH--
inducible cytokines, including IL-6, IL-10, IL-15, and IFM2% in
freshly isolated primary tumors from Tax transgenic mice. Freshly
isolated spleen cells from Tax transgenic mice demonstrated
expression of IL-10, IL-15, and IFN- but typically lacked
expression of IL-6. We have also shown that the cytokine profiles
of tumor cells changed when cells were placed in culture. Thus, the
RNase protection assays, performed on freshly isolated tumors,

(

Abs J

izing

Irr mAbs

| 1 mM SA

Neutralizing Abs_J

==
IZE
222

5
:

Irr mAbs
. 1 mM SA
' 10 mM SA

-IL-15 Interestingly, we were unable to block cellular proliferation of Tax
-IL-9 tumor cells by adding increasing doses of neutralizing antibodies
specific for IL-6, IL-10, IL-15, and IFNy, either alone or in
combination. This is in contrast to numerous reports that suggest
: that these cytokines, particularly IL-6 and IL-10, contribute to

~ -IFN-y autonomous growth of tumor cefi*! However, these tumors

- were of B-cell origin, and IL-6 and IL-10 are generally considered
to be B-cell growth factors and immunosuppressive for cell-
mediated immunity®47In contrast, tumors in our model system are

-1.32 of CD8" T-cell and NK-cell lineage. It is possible that production
of these cytokines influences antitumor immunity and contributes
-GAPDH to end-stage disease, which has been described in other in vivo

tumor modelgi8-50
IL-15is a proinflammatory cytokine that promotes B- and T-cell

123456780910

Figure 5. Sodium salicylate inhibits cytokine mRNA expression in mouse
splenocytes. Total RNA (10 pg) was extracted from NT (lanes 7-10) and Tax
transgenic (lanes 1-6) mouse spleens following treatment with sodium salicylate (SA, 2500 -
lanes 2-5 and 8-9) or neutralizing cytokine antibodies (lanes 6 and 10) for 16 hours.

NT splenocytes were also stimulated with 500 U/mL IL-2 plus 10 wg/mL PHA. 2000 -
Neutralizing antibodies included monoclonal antibodies to IL-6 and IL-10 (1 wg/mL),
polyclonal antibodies to IFN-y (10 wg/mL), and monoclonal antibodies to the IL-2R(
chain (10 pg/mL). Irrelevant GST monoclonal antibodies (10 pg/mL) were used as
negative controls (lanes 1 and 7). RNase protection assays were performed as
described in Figure 1. A total of 3 spleens from NT mice and 3 spleens from Tax
transgenic mice were tested, and a representative gel is shown. Lanes 2 and 3 and 500
lanes 4 and 5 are each duplicate samples of the same cultured splenocytes.

A IL-6

1500 -
1000 -

pg/mL

NT NT NT Tax Tax Tax

cells (Figure 7A, bottom row) because of the presence of normal Spleen Spleen Spleen Spleen Spleen  Spleen
nonmalignant cells in the spleen. Tax tail tumor cells were mock 1mM  10mM  mock  1mM  10mM
completely resistant to apoptosis induced by irradiation (12%) but

sensitive to sodium salicylate treatment (49%), suggesting that

inhibiting NF«B activity renders Tax-induced tumor cells sensi- B IL-10

tive to apoptosis.

Similarly, treatment of spleen and tumor cells for a shorter time 250 4
(16 hours vs 25 hours) with PGAr 15dPGdinduces apoptosis, as
indicated by annexin V single-positive staining (Figure 7B). Spleen
cells from NT mice were sensitive to PGAnd 15dPGyJtreatment -E'
(33% to 61% and 33% to 46%, respectively). Comparable sensitiv- ‘E
ity to prostaglandin treatment was observed in splenocytes (26% to
52% and 26% to 54%) and tumor cells (16% to 63% and 16% to 50
42%) from Tax transgenic mice, again suggesting thatxBF-
activity contributes to apoptosis resistance in these tumor cells. 0

150

100 1

NT NT NT Tax Tax Tax
Spleen Spleen  Spleen  Spleen Spleen Spleen
mack imM 10mM mock 1mM 10mM
Discussion Figure 6. Sodium salicylate inhibits IL-6 and IL-10 production in mouse spleno-
cytes. Atotal of 107 cells from NT and Tax transgenic mouse spleens were treated with
In this report, we have an alyzed cytokin e expressi on and tFﬂgium salicylate (1 mM or 10 mM) for 16 hours. NT splenocytes were also stimulated with

. . .. . . 500 U/mL IL-2 plus 10 pg/mL PHA. Cell supernatants were then used in ELISAs to
contribution of NFxB aC“V'ty to spontaneous prohferatlon of measure (A) IL-6 and (B) IL-10 production. Error bars represent the percent SE of 3

tumor cells from Tax transgenic mice. More importantly, we showeparate experiments using spleens from 3 NT and 3 Tax transgenic mice.

-IL-13 provide a more accurate assessment of gene expression in vivo.
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A Non_in-adiated Irradlated Figure 7. NF- kB inhibitors induce apoptosis in Tax transgenic
e tumor cells. (A) Fresh tumor and spleen cell suspensions from

nontransgenic (NT) and Tax transgenic mice were incubated in the
presence (+) or absence (—) of 10 mM sodium salicylate (SA) for 20
hours prior to treatment with 20 Gy (2000 rad) irradiation. Five hours
post-irradiation, 10° cells were stained with fluorescein isothiocyanate-
conjugated antibodies against annexin V (FL1-H) and propidium
iodide (PI, FL2-H). Late-stage apoptotic cells are indicated by dual
positivity with annexin V and PI, and the percentage of positive cells in
each quadrant is shown. (B) Fresh tumor and spleen cell suspensions
from nontransgenic (NT) and Tax transgenic mice were incubated in
the presence or absence of 10 WM or 20 p.M prostaglandin A1 (PGA1)
or 15-deoxy-A12,14-prostaglandin J2 (15dPGJ2) for 16 hours prior to
A annexin V and propidium iodide staining. Early-stage apoptotic cells
are indicated by annexin V single positive staining, and the percent-
age of positive cells in each quadrant is shown.

°%
il

il 57
it
FLiH

B mock 20uM PGA, 20uM 15dPGJ,

proliferation, lymphokine-activated killer cell induction, and B-celbcl-2 or bcl-xI52 Therefore, we have not ruled out the possibility
differentiation3* Overexpression of IL-15 mMRNA as a result ofthat IFN-y is involved in resistance to apoptosis, and this could be
NF-kB activation has been described in HTLV-1—infected T cellsgvercome by inhibiting NF<B activity.

however, the effects of IL-15 production on HTLV-l-mediated To determine the contribution of NkB activation to spontane-
transformation were not previously asses¥edur results suggest ous tumor cell proliferation and resistance to apoptosis, we treated
that IL-15 production is not required for spontaneous proliferatiolumor cells with known inhibitors of NkB activity, sodium

of tumor cells, because treatment with neutralizing antibodieslicylate and cyclopentenone prostaglandins. Sodium salicylate
against the IL-2R chain was unable to inhibit cell proliferation. has been shown to prevent degradation of thexBFrepressor,
These antibodies did, however, inhibit IL-15—induced proliferatiohkB-«, in a variety of cell types, including lymphoid cells, and
of IL-2—dependent CTLL-2 cells by 66% after 16 hours ofnhances TNk—mediated apoptosf4.5354t functions by directly
treatment (data not shown). Similarly, IFN-another proinflamma- inhibiting the activity of IKK3, the kinase that phosphorylates
tory cytokine produced mainly by NK cells, did not appear t¢xB.*?In CD28-costimulated primary human CDZ cells, sodium
contribute to spontaneous proliferation of Tax tumor cells. Howsalicylate also induces apoptosis and blocks dB--nuclear
ever, a recent study has demonstrated that 4Fdbntributes to localization and bcl-xI expressidf.n this study, we were able to
progression of EBV-infected NK leukemia cells by preventingplock spontaneous cellular proliferation of Tax transgenic spleen
apoptosis without inducing cell proliferation and independent afells by treatment with 10 mM sodium salicylate for 18 hours

20z aunr g0 uo jsenb Aq ypd'00Z1010918U/¥1L09.91/00Z L/7/86/4Ppd-0jo11e/p00|qAeU SUOKED!IgNdYSE//:d)Y WOl papeojumoq



BLOOD, 15 AUGUST 2001 - VOLUME 98, NUMBER 4 NF-kB ACTIVITY IN HTLV-| TAX TUMORIGENESIS 1207

without affecting cellular viability. A dose of 1 mM appeared tostimulate the activity of upstream kinases in the RB-pathway.
inhibit IL-10 production but not cellular proliferation. At 10 mM, EBV LMP-1 associates with the TNF-associated TRAFs and
mMRNA expression of all cytokines tested was inhibited, indicatingRADD, activating a pathway whose members include B=-
that these cytokines were induced by NB: After 25 hours of inducing kinase (NIK), IKKe, and IKK8.56 Similarly, HTLV-I
sodium salicylate treatment, tumors cells previously resistant Tax expression has been shown to promote phosphorylation and
irradiation-induced apoptosis became sensitive to apoptosis in tetivation of IKK-w and IKK-B by increasing the activity of the
presence of sodium salicylate, even in the absence of irradiatiopstream kinases mitogen-activated protein/extracellular signal—
Our results suggest that sodium salicylate triggers a slow processaifited kinase kinase-1 and NF&28 In our in vivo model of
apoptotic death because tumor cells were viable by trypan bltignorigenesis, Tax expression may be inducingdiFactivity in a
exclusion at 18 hours but positive for annexin V staining 25 houggmilar manner, which may explain why treatment with sodium
after treatment. salicylate or cyclopentenone prostaglandins, direct inhibitors of
Cyclopentenone prostaglandins PGand 15dPGyJhave also IKK- 8, appears to reverse spontaneous proliferation and resistance
been shown to inhibit NiB activation in TNFe—stimulated to apoptosis in Tax-induced tumors. In support of our findings, a
human cells by directly inhibiting IKR.*3 Treatment of spleno study by Kitajima et al demonstrates that antisense oligonucleo-
cytes from Tax transgenic mice with either of these agents for 1i@es to NFxB inhibit proliferation of Tax-transformed tumor cells
hours was shown to inhibit spontaneous proliferation and indug@nsplanted into mice.
apoptosis. It is recognized that the effects of sodium salicylate and Taken together, our findings have important implications regard-
cyclopentenone prostaglandins may not be specific for th&BIF- ing prevention and/or treatment of tumors induced by HTLV-I Tax.
pathway. Although we have not excluded effects on the CREB frwill be interesting to see whether specific blockade of RE--

SRF pathways, the finding that both inhibitors blocked celictivation delays or inhibits growth of tumors in vivo in Tax
proliferation and induced apoptosis at doses that inhibiteckBF- transgenic mice.

responsive genes strongly suggest thatdiFactivity contributes
to spontaneous proliferation and apoptosis resistance in Tax-
induced tumors.

Activation of the NF«B pathway by viral proteins has beenAckn0W|edgment

well established, particularly in studies involving EBV LMP-1 and
HTLV-l Tax. Interestingly, both of these proteins appear t&We thank Dr Bob Schreiber for reagents.
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