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Tax protein of HTLV-1 activates he transcriptional capacity of the NFkB family, resulting in up-
regulation of various genes, whichra linked to phenotypic alterations of HTLV-1-infected T cells.
To understand NFKB reguation in HTLV-1-infected leukemic cdk in vivo, we analyzed expession
of NF-kB and | kBa in primary cells isolated fom ATL patients. Using competitive polymerase chain
reaction, we observed an elevated epgssion of kBa mRNA in all four ATL cases tested. In contrast
to the elevated mRNA levels, the levels dkBa protein were remarkably reduced in some of these
cases suggesting destabilization oflkBa protein. On the other hand, mMRNA expession of p50/p105
and p65, subfamilies of NFKB, was enhanced in primary cells isolatedrdm someATL patients.
Furthermore, the expession patterns of NFKB subfamily were variable among patients and also
different from those in T cells isolatedrbm uninfected individuals. Although the number of cases
analyzed was limited, we can concludedm these observations that activation of NiB is restricted
to a few subfamiliesin vivo. These findingsin vivo are strikingly different from those in HTLV-1-in-
fected T cell linesin vitro, in which Tax isresponsible for NFkB activation. It is therefore suggested
that the devation of NF-kB expression in leukemic cedl of ATL patients might not be supported

mainly by the viral protein Tax.
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Adult T cell leukemia ATL) is a malignancy of CD4-
positive T celld infected with human T cell leukemia virus
type 1(HTLV-1).2% The leukemic cellsn vivo frequently
expres a chain of interleukin-2 receptor (I2Ra) at ab-
normally high level$:” Production of various lymphokines
is also characteristic &&TL cells. These lymphokines in-
clude interleukin-1 (IL-1§%9 IL-2,%) IL-6,*> ¥ tumor ne-
crosis factor beta (TNB,*¥ granulocyte-macrophage col-
ony stimulating factg* tumor growth factq'® ATL-de-
rived facta,'” and parathyroid hormone-related t@ia®

teiny* 2 and serum response facto 2® which are in-
volved in the activation of genes required for cell
proliferation and viral replication. Based on these observa-
tions, Tax has been suggested to play critical roles in trans-
formation of T cells and fibroblastsn vitro, tumor
induction inTax-carrying transgenic mice, and thus in in-
dudion of ATL.

However, the HTLV-1 genes are not expressed signifi-
cantly in primary leukemic cells isolated froATL pa-
tients; the levels of expression are extremely, land can

The expression of these genes has been shown to be partlg detected only by reverse transtage-mediated poly-

regulated by the transcription factor family KB
Transcription factor NB is negatively regulated by an

inhibitory proten, IkBa, in resting T cells. Upon stimula-

tion of T cells,IkBa protein is destabilizet};? leading to

the activation of NF«B in response to the stimulus. The

activated NFkB also enhances expression leBa?® to
keep NFkB activation transientTax protein, a transcrip-
tional regulator of HLV-1, induces destabilization of

IkBa,%2 2 and thus results in constitutive activation of NF-
KB in HTLV-1-infected T cell lines, which leads character-

istic changes of gene expressfén.

merase chain reactioRT-PCR)?” Since the viral expres-
sionin vivo is so diferent from those observed in cell lines
in vitro, it is of interest to understand theffdiences of
gene regulation between leukemic celisvivo and cell
lines establisheth vitro. We have analyzed the expression
of NFkB and kBa in primary leukemic cells isolated
from ATL patients and compared it with that in EM-1-
infected T cell lines.

We report here that expressionl@Ba mRNA, evalu-
ated byRT-PCR, is elevated in leukemic cells ATL pa-
tients so far tested. Furthermore, protein levelskdal

Besides NFB, Tax also activates other transcription were drastically reduced in som@L cases. On the other
factors, CREB (cyclic AMP-response element binding pro-hand, elevated expression of p50/p105 and p65 MRNA,

subfamilies of NF«B, was observed in primary cells of

3To whom reprint requests and all correspondence should be agome cases. Furthermore, the expression patterns-eBNF

dressed.

subfamily were dferent fromthose in uinfeded T cells
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and from those observed in HTLV-1-infected T cell lines. et al?® Briefly, the competitor DNA was shorter by 20-40
These observations suggest that the regulation of Bl bases than the DNA sequence to be amplified by PCR and
leukemic cells in peripheral blood may not be mainly con-had the same primer binding sequences as the native tem-

trolled by the viral protein Tax. plate cDNA. To prepare such competitor DNA, we synthe-
sized oligonucleotides with two specific sequences, one
MATERIALS AND METHODS corresponding to the internal region of the amplified DNA

and the other corresponding to either of the original prim-

Cells and RNA extraction MT-1, MT-2 and Hutl02 are ers in Table I. Using this hybrid primer and a partner of the
human T-cell lines infected with HTLV-1. Jurkat and CEM original primers, PCR was carried out using the cDNA as a
are human T-cell lines. These T-cell lines were maintainedemplate to produce a shorter competitor DNA, which had
in RPMI-1640 supplemented with 10% fetal calf serum.  the same primer binding sequences as for the following

Mononuclear cells of peripheral blood (PBMC) were ob- PCR.
tained from venous blood by Ficoll-Hypaque gradient cen-Competitive RT-PCR Total cellular RNA equivalent to 5
trifugation. The final pellets of PBMC were directly frozen x10* cells was converted into cDNA using reverse tran-
and kept at-80°C until use. The status of ATL and the scriptase (“Super Script” RNaseH-Reverse Transcriptase,
white blood cell count for each sample were as follows:Gibco BRL, Tokyo) according to manufacturer’s protocol.
ATL-1, chronic ATL, 12,700/mrm(ATL cells: 74%); ATL- Briefly, RNA and random primers were mixed and heated
2, acute ATL, 142,000/mi(ATL cells: 91%); ATL-3, at 65°C for 10 min and then incubated with reverse tran-
acute ATL, 16,000/mn(ATL cells: 55%); ATL-4, acute scriptase at 37°C for 1 h. cDNA was isolated by standard
ATL, 228,000/mm (ATL cells: 92%). For isolation of phenol extraction and used for the following PCR as a tem-
CD4-positive cells, PBMC were prepared from uninfectedplate. PCR was carried out by using slight modifications of
healthy individuals and immediately mixed with magnetic the methods of Diviaccet al®*® and Siebert and Larrick.
beads (Dynabeads M-450 CD4) that were coated with antiThe cDNA was mixed with increasing doses of the compet-
CD4 antibodies. After processing according to the manuitor DNA and subjected to 35 cycles of PCR using reaction
facturer’'s protocol, the cells bound to the beads were dibuffer containing 50 i KCI, 10 M Tris (pH 8.3), 1.5
rectly used for RNA preparation. mM MgCl,, 0.25 nM deoxynucleoside triphosphate, 2.0

Total RNA was extracted from cells according to the units of Taq polymerase, 1 mCi ai-f?P]dCTP (3000 Ci/
AGPC method (acid guanidinium thiocyanate-phenol-chlo-mmol, Amersham, Tokyo), and 1Nhprimers. Each PCR
roform method) described by Chomczynski and Sa@thi.  cycle consisted of denaturation at 95°C for 30 s, annealing
Primers for reverse transcription and competitive PCR  at 55°C for 75 s, and extension at 72°C for 90 s, with a fi-
Primers for the reverse transcription to prepare cDNA werenal extension at 72°C for 10 min. The amplified DNA
random oligo-nucleotides, 'pd(N); (Pharmacia Ltd., products were separated by electrophoresis in 8% polyacy-
Tokyo). Primers for the competitive PCR to amplify the DNA lamide gel and the radioactivity in each product corre-
sequence of 210-290 bp are summarized in Table I. Theponding to the native cDNA and competitor was estimated
competitor DNAs were prepared by PCR according to Celwith an Image-Analyzer BAS2000 (Fuji Film, Tokyo).

Tablel.  Primer Sequences Used for the Competitive PCR
Target mMRNA Orientation Primer sequence Amrl)'“eﬁrz:h of DNCAoi:E)etitor

B-actin S 5AAGAGAGGCATCCTCACCCT3 218 188
AS? 5TSCSTGGCTGGGGTGTTGAAS

p52 S 5CCATTGTGGAACCCAAGGAG3 220 180
AS 5ACCAGGTCCACCTCGGGAAGS

p50 S SAAATGGTGGAGTCTGGGAAG3 262 221
AS 5ACCGCCGAAACTATCCGAAAAZ

c-Rel S BSTTGTGGAAGTGTCAGAGGAG3 285 265
AS 5GGGTTCTGTGATAGCTTTGC3

p65 S 5GACTACGACCTGAATGCTGT3 223 190
AS 5CAATGTCCTCTTTCTGCACC3

IKBa S 5ACGAGCAGATGGTCAAGGAG3 218 190
AS 5TGGAGTCTGCTGCAGGTTGTS

a) S and AS represent sense and anti-sense oligonucleotides, respectively.
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Western blot analysis PBMC isolated from ATL patients (A)

and uninfected individuals were lysed by suspending the 1 2 3 4 5 6 7 C N
cells in RIPA buffer (0.0IM Tris-HCI, pH 8.0, 0.14M

NacCl, 0.5 % Triton X-100, 1% sodium deoxycholate, 0.1%

sodium dodecylsulfate). Proteins equivalent toi80was

subjected to immuno-blot analysis as described pre-

viously??. Rabbit polyclonal antibody againstBa, C-21

(Santa Cruz Biotech., CA), was used as the first antibody. St s bl bl e bt 1t u -

- -~
sULTS e ) bt b )

Competitive RT-PCR of mRNA Numbers of primary
cells isolated from ATL patients are generally limited, and
therefore we used the competitive PCR methédto esti- (B)
mate the expression of NEB and kBa mRNAs. Total 1
cellular RNA was prepared from mononuclear cells iso-
lated from peripheral blood (PBMC) and used as a template
for the reverse transcriptase. From the cDNA preparation, a
specific cDNA sequence was amplified with a pair of prim-
ers that encompass an intron, so that the product could be
distinguished from those of genomic DNA. PCR was car-
ried out in the presence of increasing doses of a competitor
DNA that has a sequence similar to, but shorter than that to
be amplified by the PCR and can be amplified with the
same primer set (Table 1). The PCR products were analyzed
by gel electrophoresis and the cDNA levels were calculated
from the ratio between the two bands corresponding to
those from native cDNA and competitor DNA (Fig. 1, A
and B). To correct for the amount of RNA used for the as-
say and a possible effect of inhibitors on PCR, the expres-

sion levels of MRNA were calculated relative to thaBof  gig 1. A Analysis of the products of the competitive RT-PCR of
actin mRNA. p65 MRNA. Lanes 1-7: A constant amount of cDNA preparation

Reproducibility and accuracy of the competitive RT- was mixed with increasing amounts of the competitor DNA. N
PCR were confirmed with every sample by adding increasand C represent DNA amplified from the normal p65 mRNA and
ing amounts of a competitor DNA to a constant amount offompetitor DNA, respectively. B, Dose dependency of the PCR
the native cDNA. Formation of the competitor product lin- products with increasing amounts of the competitor DNA. Each

v i d with i ina d f th tit and in Fig. 1A was estimated by using an Image-Analyzer (BAS
early increased with Increasing dose of the COmpeutor angnng) ang the ratios of the amplified competitor DNA to the am-

there was a concomitant decrease of the product from ngjified target DNA were plotted against the amount of the compet-
tive cDNA. Typical results for p65, a subfamily of B, itor DNA used for the assay. The amount of specific cDNA in the
are shown in Fig. 1B. From the point at which the amountsample was estimated as indicated by dotted lines based on the
of products from the competitor and native cDNA are thefact that equal amounts of the competitor DNA and cDNA gave
same, the original amount of cDNA was determined.the same amount of PCR products.

MRNA levels of IL-2Rx and p65 obtained by this competi-

tive PCR were very similar to those obtained by the stan-

dard northern blot analysis (data not shown). These results

revealed that our competitive PCR is reproducible and senikBa mRNA were expressed relative to that [®hctin
sitive enough to quantify specific mMRNA levels usind 10 mRNA in the same sample, which was also estimated by
cells. competitive PCR. Since leukemic cells of ATL are CD4-
IkBa mRNA in primary ATL cells ~ Mononuclear cells positive T cells, the results were compared with those for
(PBMC) were isolated from peripheral blood of four ATL CD4-positive T cells isolated from uninfected healthy indi-
patients, ATL-1, -2, -3 and -4, and RNA was prepared im-viduals.

mediately after the isolation of cells. The RNA samples As can be seen in Fig. 2A, the levels kdBd mRNA in
were subjected to competitive PCR assay in duplicate to eprimary cells from four ATL cases were significantly
timate the level ofHBa mRNA (Fig. 2A). The levels of higher than those of CD4-positive T cells from healthy in-

log{competitor/target}

-1

log {competitor (pg)}
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cases, ATL-2 and -4, comprised 91 and 92% leukemic T
cells with CD4-positive phenotypes, the elevated expres-
sion of kBa mRNA observed here should reflect expres-
{ sion in the leukemic cells, but not other cells in the sample.
0.2} b In the other two cases, ATL-1 and -3, populations of leuke-
8 mic cells were lower than in the former two cases, but they
were still significantly high at 73% and 55%, so the high
expression ofdBa mRNA should reflect increases in leu-
kemic cells in the samples. These results are similar to the
high expression ofkBa mRNA observed in HTLV-1-in-
fected T cell lines (Fig. 2
It is known that expression okBa is enhanced upon
stimulation of normal T cells to keep NdB regulation
transient® Leukemic cells of ATL were reported to have
the phenotypes of activated or partially activated CD4-pos-
-HTLV +HTLV ATL PBL  NormalCD4 T  itive T cells. Because of thiskBa expression in primary
cells from ATL patients was compared with that of normal
T cells treated with phytohemagglutinin (Fig. 2). The ex-
. pression of kBa mRNA increased upon stimulation, but
(B) IxBo protein the magnitudes of the effects were much less than the devi-
\? 3’ Q” \?‘ ~ o o ation in leukemic cells. Therefore, the results clearly dem-
& &5 &5 &5 & & & onstrated that the expression @Bb mRNA in leukemic
¥ XY v T % < < A . . .
cells in vivo is abnormally high compared with those in
resting and activated normal T cells.
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IkBa It is worth noting here that the levels @Ba mMRNA in
R I S — patients’ PBMC were significantly higher than in HTLV-1-
infected T cell lines, MT-2 and Hut102. In these cell lines,
PR Tax protein destabilizes inactive complexes wBd/NF-
KB and consequently activates KB; which finally stimu-
1 2 3 4 5 6 7 lates the expression okBa mRNA2® Therefore, the ele-
' ! o vation of kBa mRNA expression in patients’ cells is
ATL PBL Normal CD4" T extremely abnormal.

] . ) IKBa protein in primary ATL cells We previously dem-
Fig. 2. Expression ofdBa at mRNA (A) and protein (B) levels  gngtrated that Tax reduced protein levels kBd even
in primary cells from ATL patients and normal individuals and in when the mRNA expression was elevated, thus establishing

HTLV-1-infected T cell lines. A, mRNA levels ofkBa. The o L . .
MRNA levels were estimated by competitive RT-PCR and ex.constitutive activation of NikB in HTLV-1-infected T cell

pressed as the ratio to thatfhctin in the same sample. The as- lines? Therefore, protein levels okBa in primary cells

say was carried out in duplicate and the variations are indicatetfom ATL patients were estimated by western blot analysis
with horizontal bars. Uninfected T cell lines (a and b), HTLV-1- using the same samples as analyzed in Fig. 2A. As shown
infected T cell lines (c and d), primary cells from ATL patients jn Fig. 2B, whole cell lysates from two cases, ATL-2 and -4,
(e—h) and normal CD4-positive T cells from two normal individu- gave a very faint band okBo protein (lanes 2 and 4). The

als before (i and j) or after stimulation with PHA for 2 days (k and o ) "
[) are indicated. B, Protein levels ofBa. Total cell extract (30 intensities were much less than those of CD4-positive T

Lg protein) of the same samples as those in (A) was analyzed tg€!IS and of the total PBMC of healthy individuals (lanes
western blotting using antkBa antibodies. Lanes 1-4: Primary 9—7). The contents of leukemic cells in these two samples
cells from ATL patients, ATL-1, -2, -3 and -4; lanes 5-7: unstim- were 91 and 92%, so the low levels wBb protein should
ulated CD4-positive T cells from uninfected individuals. All sam- represent those in leukemic cells. In these primary cells,
ples_werg in th_e same gel, but the order of the lanes has beepﬁgmy elevated mRNA expression was observed, so the
modified in the figure. low levels of the protein suggest the destabilization of
IkBa protein. Destabilization ofkBa protein was simi-
larly observed in HTLV-1-infected T cell lines, as previ-
ously describeé@® The other two cases, ATL-1 and -3 that
dividuals. The expression levels &fBlo mRNA in CD4-  contained 74 and 55% leukemic cells, however, did not
positive T cells were almost the same as those in wholshow apparent reduction of the bands (Fig. 2B). The results
PBMC of healthy individuals. Since primary cells from two may imply that kBa protein was not destabilized in these
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leukemic cells, but it is possible that the results were influ-erately elevated in ATL-2 and -3 when compared with
enced by a lower content of leukemic cells. In support ofthose in unstimulated CD4-positive T cells from uninfected
this idea, it is noteworthy that theBa protein levels did individuals. In contrast to these observations, expression of
not increase in parallel with the highly elevated expressiorc-Rel mRNA was rather suppressed in ATL-2, -3 and -4.
of the mRNA (see Fig. 2A), which may suggest protein de-Thus, no common pattern of NéB expression was ob-
stabilization. served among patients.

A faint but significant band which migrates much faster The NF«kB species highly expresséu vivo were strik-
than kBa protein was detected in some cases of normalngly different from those observed in infected T cell lines
CD4-positive T cells (lanes 6 and 7) , but not in samplesn vitro; p52 was expressed at extremely high levels in both
with ATL (lanes 1-4). The band was also detected in a fraceell lines, MT2 and Hut102, but it was not expressed at a
tion of CD4-negative cells (data not shown). However, wehigh level in any ATL case so far tested. On the other hand,
have no information as to its origin, structure or signifi- p65 was highly expressed in two cases with ATL, though it
cance in ATL. was not highly expressed in cell lines. Therefore, regulation
Expression of NFKB mRNA in ATL cells Higher levels  of NFKB expression in primary cells is rather different
of IkBa mRNA in all four cases with ATL suggested from that in infected cell lines.
higher expression of NkB, which enhances transcription
of the kBa gene. To estimate NKB expression in pri- DISCUSSION
mary cells, we used the same samples as used for the ex-
pression of kBa, and carried out competitive PCR for  Previously, we showed that HTLV-1 Tax disrupts feed-
mRNA of each of p50, p52, p65 and c-Rel (Fig 3). Whenback regulation of N&B through destabilization of
the results were compared with those in CD4-positive TIkBa,?® thus establishing constitutive activation of NB-
cells isolated from uninfected individuals, elevated expresHowever, primary leukemic cells isolated from ATL pa-
sion of MRNA of the NB subfamily was detected in tients do not express Tax at a significant |&é0elTherefore,
some cases with ATL. The expression patterns ofkBF- it is not clear whether the constitutive expression of NF-
subfamilies, however, varied from one patient to anotheB-directed gene vivo can be explained by the action of
(Fig. 3). Namely, p65 mRNA was highly expressed inTax. In this study, we observed augmentationk&ol ex-
ATL-3 and -4, and p50/p105 mMRNA expression was mod-pression at the mRNA level in primary leukemic cells. The

0.2

N
ARRESR

ey

0.1

NF- £ B/ 8 -actin mRNA ratio

MT2  Hutl02 ATL-1 ATL-2 ATL-3 ATL-4

L I 1L i

HTLV-1 cell line ATL PBL Normal CD4% T Cells

Fig. 3. Expression of NkB mRNA in primary cells from ATL patients, normal individuals and HTLV-1-infected T cell lines. The
MRNA level of each subspecies of MB; p50, p52, p65 and c-Rel, was estimated by competitive RT-PCR and indicated in the same way
as in Fig. 2. Samples were the same as those in gl , PS5 —D; , PWD5; [65; , c-Rel; x, undetectable.
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levels of kBa mRNA in primary leukemic cells were sig- kB expression are rather different from those in the HTLV-
nificantly higher than in activated T cells isolated from 1-infected T cell lines; in two Tax-expressing T cell lines,
healthy individuals, so it was concluded that the expressioMT-2 and Hut102, the patterns of NB expression were

of IkBa mRNA in leukemic cells is much higher than the very similar to each other, that is, p52/p100 expression is
normal levels in resting and activated T cells. These resultextraordinarily elevated, but p65 expression is suppressed
were similar to those observed in HTLV-1-infected T cell (Fig. 3). However, in some cases of primary leukemic cells,
lines. p65 was highly expressed, but p52/p100 was not (Fig. 3).

In spite of the elevated levels ®fBa mMRNA, reduction  These results suggest Tax might not be a major factor regu-
of IkBa protein was observed in some cases that harboreldting NFKB expression in leukemic cells of ATL patients.
very high populations of leukemic cells (91 and 92%).In accordance with this conclusion, Tax expression in the
These results clearly suggest destabilizationk&al pro- primary cells isolated from these patients was extremely
tein in primary cells. However, other two cases with 73 andow and hard to estimate quantitatively with the assay used
55% leukemic cells did not show apparent reduction of(data not shown). Thus, the activation pattern can not be
IkBa protein. Thus, destabilization ofBa protein might  extrapolated from those observed in HTLV-1-infected T
not be general among ATL patients. However, since theell lines. This further supports the idea that Tax might not
protein levels were not elevated in parallel with the highlybe a major factor in the maintenance of the constitutive ex-
increased expression of the mRNA, the results may implhypression of NFB in leukemic cells in peripheral blood, al-
destabilization of KBa protein in some extent. Although though it might still be functional in other tissues such as
the number of cases analyzed here might be too small to diymphnode and skin.
low any general conclusion, it appears thd@d protein is
destabilized in primary leukemic cells of at least some ATLACKNOWLEDGMENTS
cases.
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kB family in primary cells was detected only in some ATL
patients. Furthermore, the elevation of KB-expression (Received September 2, 1997 / Revised October 21, 1997 / Ac-
was restricted to p65 and p50/p105. These patterns of NFeepted October 24, 1997)
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