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Tumor-promoting phorbol esters affect a variety of cellular functions which may underlie tumor promotion.
We isolated from human lymphocytes a cDNA clone whose gene is inducible by the phorbol ester 12-0-
tetradecanoyl-phorbol-13-acetate as well as by the T-cell mitogen phytohemagglutinin. Nuclear transcription
experiments suggested that this induction is primarily caused by the increased transcription of the gene. It is
interesting that this gene is expressed constitutively in human T-cell leukemia virus-infected mature T cells. The
results support the notion that 12-0-tetradecanoyl-phorbol-13-acetate can affect cellular functions by causing
transcriptional activation of specific genes.

12-O-Tetradeconoyl-phorbol-13-acetate (TPA) is a potent
tumor promoter in the two-stage mouse skin carcinogenesis
model (21). It apparently induces a cascade of pleiotypic
responses which may underlie the process of tumor promo-
tion (4, 5). TPA also has a variety of effects on cells in
culture and, specifically in hematopoietic cells, can induce
or inhibit cellular differentiation (9, 17, 19, 20). In addition,
tumor promotion triggered by TPA in some cells is preceded
by hyperplasia (15), which may be akin to the mitogenic
response of lymphocytes induced by phytohemagglutinin
(PHA) or other mitogens. The molecular mechanisms of the
effects of TPA on cellular functions and of lymphocyte
mitogenesis by PHA have not been extensively explored. In
only a few cases have the underlying genetic processes
affected by TPA or PHA been identified. For example, the
TPA-induced increase in the synthesis of some glycoproteins
in murine cells was shown to be caused by the increase in
translatable mRNAs (10, 12), and the TPA-caused increase
in the production of mouse mammary tumor virus was
correlated with elevated steady-state levels of virus-specific
RNA (1). It was recently reported that the TPA-mediated
inhibition of collagen synthesis in murine epidermal cells
was caused by a reduction in collagen mRNA levels (22). It
has been shown that the TPA- and PHA-induced production
of T-cell growth factor by human cells is caused by the
enhanced synthesis of T-cell growth factor mRNA (3, 7;
S. K. Arya and R. C. Gallo, Biochemistry, in press).
We recently isolated from a cDNA library of a human cell

a gene which is inducible by TPA. It is interesting that the
expression of this gene, termed JD15, is also modulated by
T-cell-specific mitogenic lectin PHA. With a view that the
study of this gene may provide insights for understanding the
molecular mechanism of TPA as well as PHA action, we
have investigated the expression of this gene in some detail.
The JD15 clone was obtained by differential screening of a

cDNA library of human leukemic Jurkat cell mRNA that had
been enriched for inducible genes. The expression and
inducibility of the JD15 gene were investigated by the
Northern blot hybridization procedure as described previ-
ously (2, 3, 7). This gene was expressed as a 17S to 18S
mRNA species, corresponding to about 1.8 to 2.0 kilobases.

* Corresponding author.

The specific mRNA species was barely detectable in unin-
duced Jurkat cells (less than five copies per cell) but was
abundantly expressed in Jurkat cells induced by TPA (more
than 100 copies per cell) (Fig. 1A). About the same level of
this mRNA was detected whether the cells were treated with
10 or 50 ng of TPA per ml. It was also induced by treatment
of Jurkat cells with PHA, although to a much lower level
than by treatment with TPA. A combined treatment of cells
with TPA and PHA increased the level of this mRNA
somewhat, even when the concentra.tion of each inducer was
maximal (Fig. 1A). The induction of the JD15 gene was
selective; the mRNA of another clone (termed JB1) which is
constitutively expressed in Jurkat cells was not affected (Fig.
1B).

Figure 2 shows the kinetics of induction of JD15 mRNA
and depicts the results of two separate experiments. The
synthesis of JD15 mRNA was induced rather rapidly. It
reached its maximal level by ca. 2 to 3 h postinduction,
persisted at high levels for ca. 8 h, and then declined to about
one-third of the maximal level by ca. 20 h postinduction. The
kinetics of induction were similar whether the cells were
treated with PHA alone or TPA alone (data not shown),
although the maximal levels reached were dependent upon
the inducer used, consistent with the results presented in
Fig. 1.
To determine if the inducing agents acted primarily by

influencing JD15 gene expression or by some other mecha-
nisms, we performed nuclear transcription or "run off"
experiments. Such transcription systems support the elonga-
tion of RNA polymerase II transcripts initiated in vivo but
do not allow the reinitiation of transcription. Thus, the
incorporation of radiolabeled nucleotides by nuclei in vitro
into specific RNA provides an estimate of the number of
polymerase molecules in the process of transcribing a specif-
ic gene (6, 11). Jurkat cells were treated for 4 h with TPA (10
or 50 ng/ml), PHA (1%), or TPA plus PHA, and nuclei were
prepared and allowed to elongate RNA chains in vitro in the
presence of [32P]UTP essentially by the methods of
McKnight and Palmiter (16) and Mulvihill and Palmiter (18).
The labeled RNA was hybridized with pJD15 DNA, pBR322
DNA, or pJB1 or pJH8 DNA (Fig. 3). Some transcripts
corresponding to the JD15 gene could be detected in unin-
duced Jurkat cells. The amount of such transcripts was
markedly increased in cells treated with TPA or PHA. The
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FIG. 1. Induction of (A) JD15 and (B) JBI gene expression in
human Jurkat cells. Cells were treated with TPA (50 ng/ml), PHA
(1%), or TPA (50 ng/ml) plus PHA (1%) for 4 h. Polyadenylic acid-
selected RNA was isolated and analyzed for JD15-specific and JB1-
specific sequences by Northern blot hybridization with nick-trans-
lated cloned DNA probes. Lanes: 1, RNA from control cells; 2,
RNA from cells treated with TPA; 3, RNA from cells treated with
PHA; 4, RNA from cells treated with TPA plus PHA.

amounts of these transcripts induced by the combined
treatment with TPA and PHA were not additive; they
appeared to be slightly higher than that induced by TPA or
PHA alone. These effects were specific for the JD15 gene.
The transcripts corresponding to two other genes (JB1 and
JH8) that are constitutively expressed in Jurkat cells were
not modulated by either TPA or PHA. The majority of the
transcripts synthesized by nuclei in vitro were apparently
initiated by RNA polymerase II, as the synthesis was
sensitive to a-amanitin inhibition in a dose-dependent man-
ner (data not shown). These results thus showed that the
induction of JD15 mRNA was at least in part caused by the
transcriptional activation of the gene.

It was possible that an inducer-mediated increase in the
half-life of JD15 mRNA contributed to the induction. To test
this, we induced Jurkat cells with PHA and TPA for 4 h and
blocked further RNA synthesis with actinomycin D. The
cells were then incubated with or without inducers for an
additional 4 h, and steady-state levels of JD15 mRNA were
analyzed by dot blot hybridization (Fig. 4). The JD15 mRNA
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levels in actinomycin D-treated cells cultured with or with-
out inducers were roughly equivalent, showing that neither
inducer caused significant stabilization of JD15 mRNA. The
induction of JD15 mRNA was thus primarily caused by the
increased transcription of the gene. As we also detected the
transcripts of this gene in uninduced cells, it is likely that
TPA and PHA do not activate the transcription of the gene
that was otherwise inactive but enhance the rate or extent of
its transcription or both.
The fact that the combined effect of TPA and PHA on

JD15 gene transcription was not additive in relation to their
individual effects suggests that the two inducing agents may
act by the same mechanism. However, there was a slight and
reproducible enhancement of mRNA levels induced by the
combined treatment, even when the concentration of each
inducer was optimal. It is possible that these inducers act by
binding to the specific receptors on the cellular membrane
and that their effects on mRNA synthesis are brought about
by secondary mediators. The saturating concentration of a
given inducer used here may pertain to its capacity to bind
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FIG. 2. Kinetics of induction of JD15 mRNA in Jurkat cells.
Cells were incubated with TPA (50 ng/ml) plus PHA (1%) for various
times, and polyadenylic acid-selected RNA was analyzed for JD15-
specific sequences by Northern blot hybridization with nick-trans-
lated cloned pJD15 DNA as the probe. (A) Lanes 1 through 7, RNA
isolated at 0, 1, 1.5, 2, 2.5, 3, and 4 h postinduction, respectively. (B)
Lanes 1 through 6, RNA isolated at 0, 2, 4, 6, 8, and 20 h
postinduction, respectively.

FIG. 3. Analysis of JD15 mRNA synthesized by nuclei from
uninduced and induced Jurkat cells. Nuclei from uninduced cells
and cells induced for 4 h were allowed to elongate RNA chains in
vitro, and labeled RNA thus obtained was hybridized with cloned
pJD15 DNA, pBR322 DNA, pJB1 DNA, or pJH8 DNA. (A) Cells
were treated with 10 ng of TPA per ml and 1% PHA. (B) Cells were
treated with 50 ng of TPA per ml and 1% PHA. Lanes: 1, uninduced
cells; 2, cells induced with TPA; 3, cells induced with PHA; 4, cells
induced with TPA plus PHA. Curves to the right of each panel
represent the relative intensities of the bands for pJD15 DNA traced
by a laser source densitometer.
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FIG. 4. Effect of actinomycin D on the persistence of JD15

mRNA in induced Jurkat cells. Cells were induced with TPA (50

nglml) and PHA (1%) for 4 h, washed, and recultured for an

additional 4 h in medium containing actinomycin D (5 p.g/ml) with or

without inducers. RNA was isolated and hybridized with cloned

pJD1S DNA as the probe by dot blot hybridization. Lanes: 1, cells

induced for 4 h with no further treatment; 2, induced cells incubated

with actinomycin D and TPA plus PHA; 3, induced cells incubated

with actinomycin D and neither inducer; 4, induced cells incubated

with actinomycin D and TPA; 5, induced cells incubated with

actinomycin D and PHA.

the specific membrane receptors and not to the capacity of

the JD15 gene to be transcribed. Thus, even if the two

inducers act by the same mechanism, their combined effect

could be greater than their individual effects.

We do not yet know the identity of the gene product
encoded by the JD15 gene, although we know by hybrid-
selected translation that it codes for a 32-kilodalton protein

(data not shown). This gene is expressed more abundantly in

mature T cells (peripheral blood lymphocytes, human T-cell

leukemia virus-infected T cells) or nearly mature T cells

(Jurkat cells) than in immature T cells (Molt-4, CCRF-CEM)

or B cells (Daudi, Raji) (data not shown). As PHA is a T-cell

mitogen and as TPA may also stimulate the proliferation of

lymphocytes (15), it is possible that the protein coded for by
the JD15 gene serves as a proliferation signal for some T

cells. This may be consistent with the constitutive expres-

sion of this gene in human T-cell luekemia virus-infected T

cells that have become immortal in cultures (3). Alternative-

ly, the gene could code for a product that defines the state of

activation or differentiation of T cells. Other investigators

have also described the mitogen- or growth factor-mediated

induction in cultured cells of specific mRNAs (8, 13, 14)

which appear to be distinct from JD15 mRNA. TPA-caused

induction of a specific 32-kilodalton protein in mouse

BALB/c-3T3 cells was recently described (12). We have,

however, not detected mRNA species homologous to human

JD15 mRNA in mouse NIH-3T3 fibroblasts or C57Bl/EL4

lymphoma cells induced with TPA and PHA.

It is clear that TPA and PHA induce the expression of the

JD15 gene primarily by increasing the transcriptional activity

of the gene. Combined with recent results on the regulation

of T-cell growth factor gene expression by PHA and TPA

(S. K. Arya and R. C. Gallo, Biochemistry, in press), these

studies show that TPA and PHA alone or in combination can

cause transcriptional activation of specific genes. Such an

activation may be associated with mitogenesis and hyperpla-

sia, leading to neoplastic transformation.

We thank E. P. Gelmann for advice and assistance.
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