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The transcription factor NF- kB is important for expres-
sion of genes involved in immune responses, viral
infections, cytokine signaling and stress. In addition
NF-kB plays a crucial role in protecting cells from TNF-
a-induced apoptotic stimuli, presumably by activating
anti-apoptotic genes. Here we report that the sub-
stoichiometric TFIID subunit TAF ;105 is essential for
activation of anti-apoptotic genes in response to TNF-
o, serving as a transcriptional coactivator for NF«B.
The putative coactivator domain of TAF, 105 interacts
with the activation domain of the p65/RelA member
of the NFxB family, and further stimulates p65-
induced transcription in human 293 cells. Moreovet,
inhibition of TAF ;,105 activity by overexpression of a
dominant negative mutant of TAF,105 decreased
NF-xB transcriptional activity and severely reduced
cell survival in response to TNFe. Similarly, expression
of anti-sense TAR,; 105 RNA sensitized the cells to TNF-
o, cytotoxicity. These results suggest that TAF105 is
involved in activation of anti-apoptotic genes by NFxB.
Keywords apoptosis/NFB/TAF, 105/TNF«

Introduction
Initiation of transcription is a key regulatory step affecting

binding protein TBP and a number of TBP-associated
factors (TAFs) that are present in all cells (Dynlaehal.,
1991; Taneseet al, 1991; Zhouet al, 1992; Poon and
Weil, 1993; Reeset al., 1994). Some of these TAFs have
been shown to bind activation domains of activators
directly (Goodrichet al, 1993; Hoeyet al., 1993; Chen

et al., 1994; Jaccet al, 1994; Chiang and Roeder, 1995;
Saueret al, 1995a; Thutet al, 1995). This interaction
appears to be essential for activator-dependent transcript-
ional stimulation in reconstituted transcription reactions
in vitro (Goodrichet al,, 1993; Hoeyet al., 1993; Chen

et al, 1994; Saueret al, 1995a; Thutet al, 1995).
Several studies suggested that TAFs are also required for
transcriptional activationin vivo (May et al, 1996;
Mengus et al, 1997; Suzuki-Yagawat al., 1997; Wang

et al, 1997). Interestingly, recent genetic studies in
yeast suggested that TAF subunits, although essential
for viability, are not generally required for transcription
activation (Mogtaderet al., 1996; Walkeret al., 1996).
Considering the findings that certain classes of activators
from metazoans are unable to function in yeast (Attardi
and Tjian, 1993; Kazler et al,, 1994; Ponticelliet al.,
1995) and that certaibrosophilaand human TAFs have

no evident homolog in yeast (Tansey and Herr, 1997), it
is possible that a development of complex regulatory
programs in metazoans was accompanied by an increase
in the need for TAFs as coactivators.

Recently, we have identified and cloned a novel TFIID
subunit, TAR 105, that is enriched in TFIID of human B
lymphocytes constituting ~10% of TFIID in these cells
and ~0.5-1% in non-B cells (Diksteiet al, 1996).
Therefore, TAR105 exists in sub-stoichiometric amounts

gene expression in response to a variety of extra- andrelative to the core TAFs suggesting that a TFIID complex
intracellular signals, during developmental processes andcontaining this subunit might be required for transcription

for tissue specificity. The rate of transcription initiation is

of a limited set of genes. TARO05 shares regions of high

determined by proximal and distal enhancer elements thathomology with the core TFIID subunits TAE30 from
are bound by gene-specific transcription factors (activators human and TAf110 from Drosophila (Dikstein et al,

or repressors); these are modular in nature, typically 1996; Menguset al, 1997). The highly conserved C-
consisting of a DNA-binding domain and one or more terminus of these TAFs is implicated in TAF-TAF inter-
activation (or repression) domains. The transcription- action (Diksteinet al, 1996) and the diverged N-terminus
initiation site is determined by a number of general of dTAF,;110 and hTAR130 directs interaction with
transcription factors (GTFs) that assemble around the coreactivation domains of activators (Chenal., 1994; Tanese
promoter to form the preinitiation complex. The general etal, 1996). Interestingly, in a TFIID complex containing

transcription factor TFIID plays an essential role in tran-
scription initiation as it recognizes and binds the core

TAF, 105, TAR,130 is also present in the same complex.
Here we show that TAFLO5 serves as a coactivator for

promoter and nucleates the assembly of the other generathe transcription factor NKB in vivo. The NFkB family

initiation factors (TFIA, TFIIB, TFIIE, TFIIF and TFIIH)

plays a fundamental role in immune responses and is

and RNA polymerase Il (for recent reviews see Orphanides essential for cytokine-inducible gene expression, in par-

et al, 1996; Hoffmanet al., 1997).
Studies of transcriptional

activation mechanisms Verma et al,

ticular TNF-a- and IL-1-induced genes (for review see
1995; Baeuerle and Baltimore, 1996;

revealed that TFIID is also required for mediating tran- Baldwin, 1996). Our studies reveal that TAFO5 interacts
scription-activation signals by gene-specific activators directly with p65/RelA and mediates gene activation by

(Horikoshi et al., 1988; Pugh and Tjian, 1990). TFIID is
a multisubunit complex that consists of the TATA box-
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the p65 activation domain. Recent studies suggest that
NF-kB has a crucial role in protecting cells from apoptotic
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stimuli produced by TNFx (Beg and Baltimore, 1996;
Liu et al,, 1996; Van Antwerpet al., 1996; Wanget al.,
1996). We show that interfering with the normal function
of TAF, 105 either by expression of dominant-negative
mutant or reducing its endogenous levels by anti-sense
RNA expression, renders the cells sensitive to the killing
effect of TNFea. Our results suggest that activation of
anti-apoptotic genes in response to ThFs mediated

by the TAR;105-containing TFIID complex and NkB
transcription factors.

Results

TAF, 105 interacts with the trans-activation

domains of NF-xB members

To identify TAR,105 target activators we looked for
transcription factors that are capable of interacting with
TAF,105. Among these we analyzed members of the
NF-kB family. For this purpose, recombinant TAFOS
fused to the flag epitope was produced in Sf9 cells using
the Baculovirus expression system and purified by anti-
flag antibodies coupled to agarose beads. Immobilized
TAF,105 was incubated withn vitro-translated and
35S-labeled p50 and p65 (relA) subunits MB- family.

As shown in Figure 1A, p65 but not p50 specifically and
efficiently interacts with TAR105. To determine whether
the interaction between p65 and TAIOS is directed by
the putative N-terminal coactivator domain of TARO5,
this region was expressed Escherichia colias a fusion
with glutathioneS-transferase (GST1@%), purified and
subjected to a binding reaction witfS-labeled p65. p65
specifically binds the N-terminus of TAEOS (Figure 1B).
We also tested other members of the KB-family for
interaction with TAR105 and found that c-rel (but not
RelB) binds to TAR105AC (data not shown).

Previous studies of activator—TAF association estab-
lished that an interaction between coactivator subunits of
TFIID and transcriptional activators is directed by the
trans-activation domain of the activator (Goodrieh al.,
1993; Hoeyet al, 1993; Cheret al.,, 1994; Jaccet al,
1994; Chiang and Roeder, 1995; Saekal., 1995a; Thut
et al, 1995). Both p65 and c-rel (but not p50) contain a
strong activation domain located at the C-terminus
(reviewed by Schmitz and Baeuerle, 1995). To determine
whether the p65 activation domain is involved in TABS
binding, the p65 C-terminus was expressed as a fusion with
glutathioneStransferase (GST—p65C), purified, coupled to
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Fig. 1. Interaction of hTAR 105 with p65/RelA. A) p65/RelA and

p50 proteins were translatéa vitro and labeled with3°S]methionine
using rabbit reticulocyte lysate. These proteins were used for
interaction assay with immobilized flag-tagged TAPS5 as indicated

on top of each lane. As a control, the labeled proteins were incubated
with the flag beads. The bound proteins were eluted, resolved on
SDS-PAGE and autoradiographed. Input lanes represent 10% of the
labeled protein used for the binding reactioB) Binding reaction
between®®S-labeled p65/RelA and the purified N-terminal fragment of
TAF, 105 (amino acid 1-552) fused to glutathioB¢ransferase (GST)
and bound to glutathione beads (lane 2). As a control a similar
reaction was performed using the same beads bound by GST (lane 3).
Input lanes represent 10% of p65 used for the binding assay.

(C) Interaction between TAFLO5 and the C-terminal activation

domain of p65. The C-terminus of p65 (amino acid 398-551) was
expressed as a GST-fusion protein, affinity-purified by glutathione
beads and subjected to a binding reaction witlvitro-translated and
353-labeled TAR105 (lanes 1-3) or TAFL30 (lanes 4-6). GST-
containing beads were used as a control in a similar binding reaction.
Input lanes represent ~10% of the labeled proteins ugdBinding
assay as in (B) using’S-labeled E2A transcription factor.

glutathione—Sepharose and used for binding assay with an

in vitro-translated and®S-labeled TAR105. The specifi-
city of the interaction was determined by a similar binding
reaction with 3°S-labeled hTAR130, a closely related
homolog of TAR,105 (Diksteinet al., 1996; Menguet al.,
1997). The activation domain of p65 specifically binds
TAF,;105 but not TAR130 (Figure 1C). Moreover,
TAF, 105 failed to bind the activation domains of another
transcription factor (E2A, Figure 1D), ruling out the
possibility that TAR105 is a general activation-domain
binding protein.

NF-xB dependent transcription is stimulated by
TAF,105

To examine the possibility that TABO5 is an activation-
domain-specific coactivator of p65/RelA, the effect of
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TAF;105 on the p65 activation domain was analyzed
by transient transfection experiments. The C-terminal
activation domain region of p65 (amino acid residues
398-551) was fused to the yeast Gal4 DNA-binding
domain (G4—p65C) and cotransfected into human 293
cells together with Gal4-dependent luciferase reporter
plasmid in the presence or absence of JTAB5 expression
vector. As expected, the Gal4 DNA binding domain (G4—
DBD) in the absence of the activation domain lacks
transcription activity and is not induced by TAFO5
(Figure 2A, columns 3 and 4). G4—p65C strongly stimu-
lated luciferase activity (415-fold; Figure 2A, column 5).
This activity is further potentiated by coexpression of
TAF, 105 (4163-fold; Figure 2A, column 6). The specifi-
city of TAF,105 action was tested by its coexpression
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Fig. 2. Stimulation of p65 transcriptional activity by TAEO5. (A) Human 293 cells were transfected with a luciferase reporter plasmid containing 5
tandem Gal4 binding site together with expression plasmids for either the Gal4 DNA binding domain (G4-DBD, columns 3 and 4) or G4-DBD fused
to the indicated activation domains in the absence (odd number columns) or presence (even number columnpd)0&f &¥Fession plasmid.

(B) Human 293 cells were cotransfected with KB-dependent reporter plasmid together with either empty expression vector or the following
expression plasmids: TARO05 (columns 2, 4, 7, 9, 11, 12 14, 15 and 17); dkBolumns 3, 4, 8, 9, 12 and 15); p65 (columns 5-9); p65 mutant

lacking activation domains (p&#&\D, amino acids 1-286, columns 10-12); p65 deleted of [#F6SATAL, amino acid 1-521, columns 13-15) and

p65 deleted of TA (internal deletion of amino acids 366—-521, pA@3\2, columns 16 and 17). The amount of CMV-derived vector in each

transfection assay was kept constant. The results of these transfection experiments are the average of at least three independent transfection
experiments with similar results and were normalized with cotransftin8-gal that is non-responsive to p65/RelA. Expressions of transfected
TAF;; 105 and TAR 130 were verified by Western blot, and of p65 wild-type and mutants by EMSA (data not shown).

with Gal4 fused to E2A activation domains (G4-E2A— was also cotransfected, both the basal ®B--and p65-
AD1 and G4-E2A-AD2) in which TAfL05 has no dependent activities were stimulated 3- and 5-fold, respect-
stimulatory effect (columns 11-14). ively (Figure 2B, columns 2 and 7). Likewise, TAEOS
To further study the functional significance of the potentiates NRB-dependent transcription in HelLa cells
TAF,105-NFkB interaction, we tested the effect of (data not shown). By contrast, hTAE3O failed to stimu-
TAF,;105 on p65/RelA transcriptional activity. For this late p65 activity (Figure 2B, column 6). To determine
purpose a reporter plasmid containing two KB-elements whether the activation by TARLO5 requires the presence
upstream of a minimal core promoter and a luciferase of NF-kB proteins, a similar experiment was done in the
gene was cotransfected with p65 and TAB5 expression  presence ofKdBa, a specific inhibitor of NF«B factors
plasmids into 293 cells. As expected, p65 activates NF- that prevents the translocation of MB- into the nucleus
KB reporter 24-fold (Figure 2B, column 5). When TXFO5 (reviewed in Vermaet al., 1995; Baeuerle and Baltimore,
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Fig. 3. Interference with TAR105 function inhibits NFkB transcriptional activity. ) Schematic representation of the TAI5 putative functional
domains and the dominant-negative mutant of JAB5 (TAR,105AC). NLS indicates nuclear localization signal. Expression of mutated, I8%

was confirmed by Western blot (data not showB) knhibition of NF«kB transcription by TAR105AC. Luciferase reporter plasmids driven by two
tandem NF«B sites (columns 1-4) or CMV enhancer (columns 5 and 6) were transfected into 293 cells together with the following plasmids: empty
expression vector (lanes 1 and 5), p65/RelA (lanes 3 and 4) ang ID&BC (columns 2, 4 and 6). These results are the average of five independent
transfection assays with similar result€) (Inhibition of IL-1-induced NFkB activity by dominant negative TAFLO5. NF«kB luciferase reporter

was transfected into 293 cells together watactin-8-gal and either an empty expression vector (columns 1, 2 and 3) ofTIREEC plasmid (column 3)

or TAF,;105 (column 4). Twelve hours after transfection IL-1 was added to the cells (columns 2 and 3) and 24 h post-transfection the relative
luciferase activity was determined by normalizing wfgal activity. These results are the average of three independent transfection experiments.

1996; Baldwin, 1996). As expecteckBa inhibits both 7). The activities of both activation domains, either in the
the basal and p65-induced NB activity (Figure 2B, context of the native protein (Figure 2B, columns 14 and
columns 3 and 8, respectively). In the presencexd |  17) or as Gal4 fusion (Figure 2A, columns 8 and 10) are
(Figure 2B, columns 4 and 9) or a reporter with mutated enhanced by TAJFL05 7-10-fold. Taken together these
NF-kB sites (data not shown), no induction of luciferase results strongly suggest that TAED5 can serve as a
activity by TAF, 105 is observed, ruling out the possibility p65/RelA activation-domain-specific transcriptional co-
that TAR,105 affects core promoter function. activator.

It has been shown that the C-terminus of p65/RelA
contains two strong and independent activation domains p65/RelA activity is inhibited by a dominant
called TA, and TA, (Schmitz and Baeuerle, 1991). To negative mutant of TAF;105
examine whether TAFLO5 activity requires the presence To further confirm that TAF105 is involved in NF«B
of p65 activation domains, we have constructed p65 activity we have constructed a plasmid for expression of
mutants lacking either TAor TA, or both. The p65 mutant a dominant negative mutant of TAFO5 based on its
lacking the entire C-terminal activation domain failed to predicted functional domains (Diksteat al., 1996). This
stimulate luciferase in the absence or presence of, 186 mutant is a truncated form of hTAEO5 (TAR,102AC,
(Figure 2B, columns 10 and 11). Interestingly, p65 lacking amino acid 1-552, Figure 3A), containing the MXB-
either TA; (p65ATAL) or TA, (P6SATA?2) is a significantly binding region but not the TFIID interaction region.
weaker activator then the wild-type protein, suggesting Therefore, if TAR 105AC binds NFKB in vivg, it is likely
that both are required for maximal activation potential to inhibit NF«B-dependent transcription. To test the
(Figure 2B, compare columns 13 and 16 with 5). By effect of TAR,105AC on NFkB activity, 293 cells were
contrast, in the context of Gal4, deletion of TAid not cotransfected with NkB-dependent reporter plasmid and
reduce transcriptional activity (Figure 2A, columns 5 and p65/RelA transcription factor together with TAEOAC.
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Fig. 4. Dominant negative mutant of TARO5 induces cell death in response to TWFA) 293T cells were transfected with wild-type TAF05

(pictures 1 and 2) or TAFLOSAC (3 and 4) and either untreated (1 and 3) or treated with 15 ng/ml @XEand 4). The pictures were taken 24 h

after transfection.§) Genomic DNA analysis of 293T cells that were transfected with either empty expression vector (lanes 1 and, 20588F

(lanes 3 and 4) or with wild-type TARL05 (lanes 5 and 6). Twelve hours after transfection some of the transfected cells were treated with TNF-

(odd number lanes) and 24 h after transfection DNA was extracted from the transfected cells and analyzed by 1.8% agarose gel. M indicates DNA
size marker. €) Cell survival assay. To quantify the apoptosis induction, 293T cells were cotransfected withla€\¥porter plasmid and the

indicated expression vectors, and similar to the experiment described in (B), treated withh {Talies 2, 4 and 6). Twenty-four hours after

transfection the cells were stained with X-Gal, and the numbers of blue cells in five randomly chosen fields were determined. These data represent
an average of three independent transfection experiments.

As shown in Figure 3B, TAJFLOSAC severely inhibited Inhibition of TAF,105 function causes apoptosis in
transcriptional activation by p65/RelA. Similarly, cotrans- response to TNF-

fection of the NFkB reporter with p65/RelA and a NF-kB activity is regulated by a broad range of cytokines
dominant negativeklB-a inhibited NFKB activity, con- and external stimuli. The cytokine TNéF-is among the
firming that the observed activity is directed by MB- physiological inducers of NkB activity. Recent studies
proteins (Figure 2B, columns 3 and 7). TAH5C revealed that activation of NEB by TNF-a plays an
mutant has no significant effect on the reporter plasmid essential role in protecting cells from pro-apoptotic stimuli
containing the CMV enhancer (Figure 3B, columns 5 and produced by TNF& (Beg and Baltimore, 1996; Liat al.,

6), further supporting the idea that TAFOSAC is specific 1996; Wanget al., 1996; Van Antwerpet al., 1996). We
to p65/RelA and has no effect on core promoter activity. found that TNFe-induced NFkB transcription activity
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Fig. 5. The effect of TAR 105 anti-sense RNA expression on TRreated cells.4) 293T cells were transfected either with empty vector or with
expression vector for TAFLO5 anti-sense RNA. Levels of endogenous [TAB5 were analyzed 36 h after transfection by Western blot using
affinity-purified anti-TAR, 105 antibodies (upper panel). As a control the same extracts were used for analysis of TBP levels (lower panel).

(B) Survival analysis of cells expressing TAEO5 anti-sense RNA. 293T cells were cotransfected with CMV-GFP reporter plasmid with either an
empty expression vector (lanes 1 and 2) or with expression vector fojj l@g-anti-sense RNA (lanes 3 and 4). Twenty-four hours after transfection
TNF-a was provided to the cells (lanes 2 and 4) and 24 h later green fluorescent cells were counted in five randomly chosen fields. These data
represent an average of four independent transfection experiméptONA fragmentation analysis of cells transfected with either anti-sense

TAF;; 105 RNA (lanes 1 and 2) or empty vector (lanes 3 and 4). Twenty-four hours after transfectioa Ws&-provided to the cells (lanes 1 and

3) and 16 h later fresh medium containing THF~vas provided to the cells. Genomic DNA was extracted 48 h after transfection and analyzed by

1.8% agarose gel. M represera 1 kb DNAmolecular size marker.

is enhanced by TAFLO5 expression (data not shown).
Interestingly, when we analyzed the effect of the
TAF,;105AC mutant on long-term TNIe- stimulation in

5B), DNA fragmentation (Figure 5C) and microscopic
examination (data not shown).
The accelerated cell death in response to TNiR-293

293 cells, we observed dramatic changes in 293 cell cells bearing non-functional TAROS is likely to be due

morphology that are consistent with cell death (Figure

4A). These morphological changes were not observed in TNF-a-induced NFkB

cells transfected with vector alone (data not shown) or
with wild-type TAFR,105 (Figure 4A). The survival rate
after TNFa stimulation in TAR 105AC-expressing cells
was <5% as determined by X-gal staining of transfected

to inhibition of NFkB activity. Indeed, we found that
activity is inhibited by
TAF; 105AC (data not shown). However, since the majority
of the cells expressing TAROSAC and induced by TNF-

a undergo cell death (Figure 4C), one can not rule out
the possibility that part of the inhibition observed might

cells (Figure 4C). To determine whether these changesbe due to the apoptotic effect. Therefore, to test whether
are related to programmed cell death, 293 cells transiently TAF,; 105AC can inhibit cytokine-mediated NEB activity

expressing TAF105AC were induced by TNR+ and
assayed for the DNA ladder characteristic to apoptotic

we have used the cytokine IL-1, which like TNE-
induces NFkB activity but does not induce apoptosis. As

response (Figure 4B). As expected, no DNA fragmentation shown in Figure 3C, TAFLORAC significantly decreases

appears in TNFx-induced 293 cells transfected with
empty expression vector (Figure 4B, lane 1). The DNA
ladder can be clearly seen only in cells expressing
TAF;105AC and stimulated with TNFr (Figure 4B, lane

3). No DNA fragmentation appears in these cells in the
absence of TN stimulation (Figure 4B, lane 4), or in
cells transfected with wild-type TARO5 (Figure 4B,
lanes 5 and 6) or with a similar mutant of TAE30

in the presence or absence of TMFstimulus (data
not shown).

To further confirm the involvement of TARO5 in
activation of anti-apoptotic genes by TNE-293 cells
were transiently transfected with a plasmid that directs
expression of anti-sense TAFO5 RNA. As shown in
Figure 5A, transient expression of anti-sense [JA#5
reduced the endogenous level of TABS protein but not
TBP. This reduction is significant considering that although

high transfection efficiencies are achieved in these cells,

there is still a significant proportion of untransfected or

NF-kB activity induced by IL-1 whereas wild-type
TAF,,105 enhances this activity consistent with the effect
of these proteins on p65/RelA activity.

Inhibition of p65/RelA activity and TNF-a-induced

cell death by TAF;105AC is correlated with p65-
TAF,105 interaction

To further investigate the involvement of TAEOS in NF-

KB induction of anti-apoptotic genes we generated deletion
mutants of TAR 105AC. These mutants were analyzed for
their ability to bind p65/RelA, for their inhibitory effect
on p65/RelA activity and for their effect on the survival
of TNF-a-induced cells. As shown in Figure 6, a mutant
of TAF,105AC deleted of 100 amino acid residues
[L05AC(1-452)] has reduced p65-binding capacity as
well as reduced p65-transcription inhibitory activity as
compared with 108C(1-552). This partial inhibition of
NF-kB activity is insufficient to cause cell death in
response to TNIe (Figure 6C). Similarly, a mutant that

poorly transfected cells that express normal amounts of does not bind p65 [(1Q8C(1-167)] is unable to inhibit

TAF,105 (~20% as determined by X-gal staining after
transfection, data not shown). The reduction in JA65

p65 activity and to affect cell survival in TN&-treated
cells. These results strongly suggest that the direct inter-

level is correlated with an increase in cell death in responseaction between TAJLO5 and p65/RelA plays a role in

to TNF-a as evident by cell-survival analysis (Figure
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Fig. 6. Analysis of TAR; 105AC deletion mutants.A) GST pull-down
experiment using®S-labeled p65/RelA and equivalent amounts of
purified N-terminal fragments of TARLO5 (indicated by their amino
acids residues), fused to GST and bound to glutathione beads (lanes
3-5). As a control a similar reaction was performed using the same
beads bound by GST (lane 2). The input lanes represent 10% of p65
used for the binding assayB) The effect of TAR 105AC mutants on
NF-kB transcription activity. Human 293 cells were cotransfected with
NF-kB dependent luciferase reporter, p65 expression plasmid and with
either empty expression vector or the following expression plasmids:
TAF,105AC coding for amino acids 1-552, TAEOSAC coding for
amino acids 1-452 or TARLORAC coding for amino acids 1-167. The
results are presented as the ratio between p65 activity relative to the
activity of NF«B reporter without p65 expressiorC) Cell-survival
analysis in cells expressing TAEOSAC mutants and treated with

TNFa. 293T cells were cotransfected with CMV-GFP reporter plasmid
either with empty vector or with expression plasmids described in (B).
Twelve hours after transfection the cells were untreated or treated with
TNF-a and 24 h later the green fluorescent cells in five randomly
chosen fields were counted. This data is representative of three
independent transfection experiments with similar results. Equivalent
expression of TAF105AC mutants was verified by Western blot
analysis.

Discussion

Previousin vitro studies ofDrosophilaand human TFIID
indicated that transcriptional activation by gene-specific
activators can be mediated by TAFs through direct inter-
action with activation domains of transcription activators.
However, thus far there is littléen vivo evidence docu-

TAF;105 mediates NF-xB gene activation

tion of TNF-a-induced anti-apoptotic genes by the tran-
scription factor of NF«B.

The cytokine TNFa is secreted by many cell types
upon inflammation, infection, viruses and other external
signals. Activation of the TNF receptor stimulates the
protein synthesis-independent apoptotic response, and in
cells resistant to its cytotoxic effect, it also induces
expression of proteins that can block apoptosis. KiF-
has been shown to be a primary mediator of TiNF-
responses. Recent studies have indicated that stimulation
of NF-kB activity by TNF-a protected cells against cell
death, most likely by transcriptional activation of some
proteins that restrict apoptosis (Beg and Baltimore, 1996;
Liu et al, 1996; Van Antwerpet al., 1996; Wanget al.,
1996). Our findings indicate that TAEOS5 serves as a
coactivator for NF«B-mediated induction of anti-
apoptotic genes in response to TMEF-Blocking of
TAF,105 function either by expression of TAFO5 dom-
inant negative mutant or by reducing the amount of
endogenous TAFLO5 protein by anti-sense RNA, renders
the cells sensitive to TNE- cytotoxicity. Moreover,
TAF, 105 interacts with selected members of the RB--
family and can potentiate transcriptional activation by NF-
KB proteins. Expression of TARO05 mutant, which can
interact with NFKB but is incapable of incorporation
into TFIID complex, severely inhibited NkB-dependent
transcriptional activation whereas similar mutants with
impaired p65/RelA binding capacity failed to sensitize
cells to TNFa cytotoxicity and to inhibit NFkB activity.
Taken together, these results suggest that the complex
formed between NkB- and TFIID-containing TAR105
after TNFa stimulation targets promoters of genes whose
products provide the cells with protection against cell
death.

Recent genetic analysis of yeast TAFs revealed that
transcription from many promoters is not affected by
TAF inactivation, suggesting that TAFs are not generally
required for transcription in yeast (Mogtadetial., 1996;
Walker et al,, 1996). Our study indicates that in human
cells TAR,105 functions as an activation-domain-specific
mediator of transcription consistent with previaasvitro
analyses of TAF function (Verrijzer and Tjian, 1996). It
is possible that among the multiple activator targets found
associated with the basal transcription machinery, TFIID
has evolved to play a more central role in mediating
activation signals in metazoans, being able to respond to
the highly complex gene-expression programs not found
in yeast. Moreover, considering the ability of the p65-
activation domain to function in yeast cells (Moatal.,
1993) which are devoid of any member of the TAB5
family (Tansey and Herr, 1997) and the fact that RB-
is required for gene expression associated with many
distinct cellular processes, it is very likely that TAFO5
is not the only NFkB transcriptional coactivator and
several distinct factors might be involved in the activation
of other NFkB target genes.

In most cells NFkB transcription factors are localized

menting the importance of specific interaction between a in the cytoplasm bound byB, an inhibitory protein that

TAF subunit and the activation domain of an activator for
transcription activation, or the specific target genes for
individual TAFs. In this study we show that TAEOS is

an activation-domain-specific coactivator of p65/RelA.
Moreover,in vivo, TAF, 105 is directly involved in activa-

prevents its nuclear translocation. Signals that activate
NFkB such as cytokines (TNE- and IL-1) induce
phosphorylation of KB and its subsequent degradation.
NF-kB is then translocated into the nucleus and activates
its target genes (for review see Miyamoto and Verma,
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1995). In B lymphocytes NkB is constitutively nuclear
and is important for transcription of some B-cell-specific
genes (Baldwin, 1996). Interestingly, a high level of
TAF,105 proteinis also found in B lymphocytes, constitut-
ing ~10% of TFIID in these cells compared with only
~0.5-1% in non-B cells (Diksteiret al, 1996). It is
therefore possible that the NEB—TAF,; 105-TFIID com-
plex may also regulate the expression of some B-cell-

Propagation and transfection of cell lines
293 cells are embryonic kidney fibroblasts. 293T cells are modified 293
cells constitutively expressing the SV40 large T-antigen and therefore
allow replication of plasmids of SV40 origin. 293 and 293T cell
lines were maintained in F12 Dulbecco’s modified Eagle’s medium
supplemented with 10% fetal calf serum. Transfections were performed
using the standard CaR@nethod.

293 subconfluent cells were transfected in a 24-well multidish using
a total of 1ug plasmid per transfection. Generally, 50 ng, of KB-
dependent reporter and 10 ng Gal4-dependent reporter were used. The

specific genes. Nevertheless it seems that the level ofamount of the different activator plasmids was between 5 and 20 ng,

TAF,,105 in non-B cells is sufficient for the induction of
anti-apoptotic genes by NkB as TNFa does not induce

TAF,, 105 protein expression (data not shown) and potenti-

ation of NFkB-dependent transcription by TAEO5 could

be achieved only when suboptimal concentrations of either

the NFkB activator protein or TNFx were used.
Several TNFa-induced genes have been implicated as
potential candidates for anti-apoptotic function. Over-

and for TAR;105- and TAR130-expressing plasmids it was between
300 and 500 ng. In each transfection the amount of CMV-containing
plasmid was kept constant. Luciferase activity was determined as
instructed by the manufacturer (Promega). Human recombinanta NF-
was purchased fro R & D Systems.

Apoptosis assays

For the survival analysis 293T cells were cotransfected with a pCMV-
lacZ or pCMV-GFP reporter plasmid and different expression vectors,
and either stained with X-Gal (see below) or directly visualized by

expression of each provides partial protection against microscope for green fluorescent cell detection 48 h after transfection.

TNF-a cytotoxicity (Wong et al., 1989; Opipariet al.,
1992; Karsaret al,, 1996; Chuet al,, 1997). However, it
is likely that other genes, not yet identified, are also

required for full protection. The promoters of these genes

may be preferred targets for the sub-stoichiometric TFIID
complex containing TAf105. A possible mechanism is
that enhancer-bound NEB interacts with the TA105—
TFIID complex and recruits this complex to the promoter
(Saueret al.,, 1995b). Alternatively, the TFIID-TAFL05

The number of blue or GFP cells was determined by counting five
different randomly chosen fields. For the X-Gal assay the cultures were
rinsed with phosphate-buffered saline, fixed with 1% of glutadialdehyde
for 15 min, and then stained with 4 ml of X-Gal solution [2 mg/ml X-
Gal in DMF, 3.3 mM KgFe(CN) and 3.3 mM KFe(CN)] for 2 h.
DNA fragmentation assay was done as follows: 293T cells 1)
were collected 24 h after transfections, resuspended in (#0@sis
buffer (200 mM Tris pH 8.5, 100 mM EDTA, 1% SDS, and 106/ml
proteinase K) and incubated overnight at 37°C. DNA was obtained by
phenol extraction following ethanol precipitation. The DNA pellet was
resuspended in 100l TE containing 50ug/ml RNase A and incubated

complex may pre-occupy the core promoter of these genesfor 30 min at 37°C. Twenty micrograms of DNA was run onto 1.8%

and form a complex with NkB after it is bound to its
target sites (Brunvanet al, 1993). A third possibility
might be that formation of the NKB-TAF,;105-TFIID

complex precedes preferred binding to the promoters of

agarose gel in the presence of Qu@'ml ethidium bromide.
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