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a b s t r a c t

IGFBP-5 is known to be involved in various cell phenomena such as proliferation, differentiation, and
apoptosis. However, the exact mechanisms by which IGFBP-5 exerts its functions are unclear. In this
study, we demonstrate for the first time that IGFBP-5 is a TNFR1-interacting protein. We found that
ectopic expression of IGFBP-5 induced TNFR1 gene expression, and that IGFBP-5 interacted with
TNFR1 in both an in vivo and an in vitro system. Secreted IGFBP-5 interacted with GST-TNFR1 and this
interaction was blocked by TNF-a, demonstrating that IGFBP-5 might be a TNFR1 ligand. Furthermore,
conditioned media containing secreted IGFBP-5 inhibited PMA-induced NF-jB activity and IL-6
expression in U-937 cells. Coimmunoprecipitation assays of TNFR1 and IGFBP-5 wild-type and trun-
cation mutants revealed that IGFBP-5 interacts with TNFR1 through its N- and L-domains. However,
only the interaction between the L-domain of IGFBP-5 and TNFR1 was blocked by TNF-a in a dose-
dependent manner, suggesting that the L-domain of IGFBP-5 can function as a TNFR1 ligand. Compe-
tition between the L-domain of IGFBP-5 and TNF-a resulted in inhibition of TNF-a-induced NF-jD
activity. Taken together, our results suggest that the L-domain of IGFBP-5 is a novel TNFR1 ligand that
functions as a competitive TNF-a inhibitor.

� 2011 Elsevier Inc. All rights reserved.
1. Introduction

Insulin-like growth factor binding protein-5 (IGFBP-5) is a
secreted, multifunctional protein that functions in both an
IGF-dependent and an IGF-independent manner in bone formation,
differentiation, proliferation, and cell death [1,2]. IGFBP-5 is found
in both the nucleus and cytoplasm, although the functional rele-
vance of these different locations is unclear. However, a recent
study reported that IGFBP-5 might have different functions
depending on its subcellular localization [3]. IGFBP-5 has three
domains: an N-terminal domain, an L-domain, and a C-terminal
domain. The N-terminal domain of IGFBP-5 possesses an IGF-I
binding site and a signal peptide, while the C-terminus contains
a nuclear localization signal and a heparin-binding site [4,5].
Protein degradation and posttranslational modifications such as
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phosphorylation and glycosylation occur in the L-domain [6].
Truncated forms of IGFBP-5 have been detected in serum [7] and
conditioned media [8]. In concert with these findings, it has
been reported that IGFBP-5 is cleaved by several proteases includ-
ing MMPs and ADAM family proteases, as well as unknown
proteases [8–10]. However, the functional roles of truncated forms
of IGFBP-5 have not been evaluated.

Tumor necrosis factor-a (TNF-a) is a proinflammatory cytokine
mostly produced by activated macrophages and T lymphocytes
[11]. Binding of TNF-a to tumor necrosis factor receptor 1 (TNFR1)
triggers a signaling cascade that results in cell death or cell survival,
depending on the interacting proteins. TNFR1 can activate cell pro-
liferation via activation of the NF-jB signal pathway or cell death
via activation of the Fas-associated death domain (FADD) protein
and caspases [12]. Increased expression of TNF-a is a hallmark of
several diseases including inflammatory diseases and certain types
of cancer [11,13].

In this study, we investigated the functional mechanisms
underlying IGFBP-5-induced TNFR1 gene expression. We found
that IGFBP-5 competed with TNF-a for binding to TNFR1 via its
L-domain and inhibited the TNF-a-TNFR1 downstream signaling
pathway. IGFBP-5 is therefore a potential therapeutic molecule
that can be used to treat diseases characterized by dysregulation
of TNF-a such as rheumatoid arthritis and cancer.

http://dx.doi.org/10.1016/j.bbrc.2011.01.064
mailto:jeholee@gmail.com
http://dx.doi.org/10.1016/j.bbrc.2011.01.064
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2. Materials and methods

2.1. Plasmids and construction of truncation mutants

Human IGFBP-5 and TNFR1 were obtained by reverse transcrip-
tion-PCR from HEK293 cells and cloned into a TA vector (Invitro-
gen, Carlsbad, CA, USA). Flag-TNFR1 was constructed by PCR
using TNFR1 in a TA vector. The resulting PCR product was cloned
into a pcDNA3 vector containing Flag (kindly provided by Prof. H.S.
Choi, Chonnam University, South Korea). To construct glutathione
S-transferase (GST)-fused TNFR1, TNFR1 excluding the signal pep-
tide was subcloned into pGEX-2T vector (Amersham). Myc- and
GFP-tagged IGFBP-5 were incorporated into pcDNA 3.1/myc-His
(Invitrogen) and pEGFP-N1 (Clontech, Mountain View, CA, USA)
vectors, respectively, by PCR using IGFBP-5 in the TA vector as a
template. IGFBP-5-truncation mutants containing N1–80, L81–168,
or C 169–252 domains were constructed by PCR using IGFBP-5-Myc
as a template. The resulting PCR products were cloned into pSec-
Taq2/Hygro A (Invitrogen). All of the cloned constructs were veri-
fied by sequencing.

2.2. GST-TNFR1 expression and binding assays

Plasmids expressing either GST-TNFR1 or GST vector alone were
expressed in pLys S cells (Promega). Cells were grown until the
optical density was between 0.6 and 0.8 at 600 nm, and then the
cells were induced with 0.5 mM IPTG for 3 h at 28 �C. Cells were
centrifuged and the cell pellet was resuspended in lysis buffer
(25 mM Tris, pH 7.5, 150 mM NaCl, and 1 mM EDTA) containing
1 mM PMSF, sonicated on ice, and then the insoluble proteins were
removed by centrifugation. Soluble proteins were incubated with
GST beads for 2 h at 4 �C and the beads were then washed with ly-
sis buffer.

For binding assays, whole cell lysates or overnight conditioned
media obtained from BP5/293 stable cells were incubated with
GST-TNFR1-bound GST beads for 3 h at 4 �C. The beads were then
washed with lysis buffer containing 0.5% Triton X-100, boiled in
Laemmli sample buffer, and the bound proteins were detected by
Western blot analysis.

2.3. Competition assays

To assess the competition between IGFBP-5 and TNF-a for
binding to TNFR1, HEK293 cells were transiently transfected.
Twenty-four hours after transfection, cells were washed with 1�
PBS to remove FBS, and the cells were then treated with various
concentrations of TNF-a (eBioscience, San Diego, CA, USA) for 4 h.
Cells were lysed in RIPA buffer (50 mM Tris, pH 7.5, 150 mM NaCl,
1 mM EGTA, 0.25% sodium deoxycholate, 0.2% Nonidet P-40) sup-
plemented with protease inhibitor cocktail (Roche Molecular Bio-
chemicals, Indianapolis, IN, USA) and 1 mM PMSF, and soluble
proteins were immunoprecipitated with anti-Flag-conjugated
agarose beads (Sigma, St. Louis, MO, USA). Western blotting was
performed using mouse monoclonal anti-Myc antibody (9E10).

For the in vitro competition assay, conditioned media from BP5/
293 cells was incubated with GST-TNFR1 immobilized on GST
beads in the presence of increasing amounts of TNF-a for 3 h at
4 �C. The beads were then washed with lysis buffer containing
0.5% Triton X-100, boiled, and the bound proteins were analyzed
by Western blotting.
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Fig. 2. IGFBP-5 competitively inhibits TNF-a binding to TNFR1. (A) A competition assay between IGFBP-5 and TNF-a for binding to GST-TNFR1 was performed by incubating
GST-TNFR1 immobilized on bead and the conditioned media of BP5/293 cells in the presence of increasing amounts of TNF-a, as indicated. Western blotting was performed
using anti-Myc and anti-GST antibodies to detect GST-TNFR1-bound-IGFBP5 and GST-fusion proteins, respectively. (B) Vec/293 and BP5/293 stable cells were stained with
anti-p65 antibody followed by TNF-a treatment (1 ng/ml) for 1 h after serum-starvation. Vec/293 cells in the absence of TNF-a are indicated by ‘-TNF-a’. Nuclear
translocation of p65 was determined by staining cells with AlexaFluor-488 (left panel) and the results are shown in bar-graph form (right panel).
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2.4. NF-jB-responsive gene reporter assay

An NF-jB-responsive reporter assay was performed using the
Dual-luciferase reporter assay kit (Promega, Madison, WI, USA).
In brief, U-937 cells were transfected with NF-jB-responsive firefly
luciferase (NF-jB-Luc) and Renilla luciferase (pRL-SV40) using
Lipofectamine 2000. Twenty-four hours after transfection, cells
were serum-starved overnight and were incubated in conditioned
media obtained from either BP5/293 or Vec/293 stable cells with/
without PMA (25 ng/ml, Sigma) for 3 h. Luciferase activity was
then assayed using the Dual-luciferase reporter assay kit. All assays
were performed in triplicate and repeated three times; the data are
presented as means ± SEM. Data were analyzed by one-way ANO-
VA followed by the Newman–Keuls multiple comparison test,
and p < 0.05 was considered statistically significant.

2.5. Detection of IL-6 by reverse transcription-PCR (RT-PCR) and ELISA

Serum-starved U-937 cells were treated with the conditioned
media obtained from either BP5/293 or Vec/293 stable cells for 3
and 6 h for RT-PCR and ELISA, respectively. Three hours after incu-
bation with conditioned media, total RNA was isolated from U-937
cells using TRIzol (Invitrogen) and RT-PCR was performed using
EF-Taq polymerase (SolGent Inc., Daejeon, South Korea). For the
IL-6 ELISA assay, U-937 cells were incubated in conditioned media
for 6 h. After the media was collected, it was applied to 96-well
plates for IL-6-specific ELISA using the BD OptEIA ELISA kit (BD
Biosciences, San Jose, CA, USA) according to the manufacturer’s
instruction.
3. Results

3.1. Exogenous expression of IGFBP-5 up-regulates TNFR1 mRNA
expression

To study the functional mechanisms underlying the effects of
IGFBP-5 on cells, IGFBP-5-Myc was stably transfected into
HEK293 cells. cDNA microarray analyses of cells stably expressing
IGFBP-5-Myc (BP5/293) as well as the empty vector (Vec/293)
were performed to obtain global gene expression profiles. The
TNFR1 gene was one of the many genes whose expression was
upregulated by the overexpression of IGFBP-5-Myc (data not
shown). We performed reverse transcription-PCR (RT-PCR) to ver-
ify the microarray results and found that the expression of TNFR1
was upregulated in cells stably expressing IGFBP-5 (Fig. 1A).
Knockdown of IGFBP-5 by siRNA demonstrated that TNFR1 expres-
sion was downregulated in BP5/293 cells transfected with IGFBP-
5-specific siRNA in a dose-dependent manner compared with cells
transfected with control siRNA (Fig. 1A). These data suggested that
IGFBP-5 induces TNFR1 gene expression.

3.2. IGFBP-5 interacts with TNFR1

To determine the functional relevance of the association be-
tween IGFBP-5 and TNFR1, we studied whether IGFBP-5 interacts
with TNFR1. We co-transfected HEK293 cells with IGFBP-5-Myc
and Flag-TNFR1 and performed coimmunoprecipitation assays.
IGFBP-5-Myc interacted with Flag-TNFR1 in whole cell lysates
(Fig. 1B). We also tested the interaction between IGFBP-5 and
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purified GST-TNFR1 in an in vitro system (Fig. 1C). Whole cell
lysates and conditioned media from BP5/293 cells were incubated
with GST-TNFR1 immobilized on GST beads. IGFBP-5 from the
lysates interacted with GST-TNFR1. Interestingly, IGFBP-5 from
conditioned media also interacted with GST-TNFR1. Although the
amount of GST protein was much higher than GST-TNFR1, IGFBP-
5 did not interact with the GST protein, demonstrating that this
interaction is TNFR1-specific.

3.3. IGFBP-5 competes with TNF-a for TNFR1 binding

Secreted IGFBP-5 interacted with TNFR1, suggesting that IGFBP-
5 might function as a TNFR1 ligand. Therefore, we investigated
whether the IGFBP-5-TNFR1 interaction was perturbed by TNF-a,
a typical TNFR1 ligand. The interaction between IGFBP-5 and
GST-TNFR1 in the presence of increasing amounts of TNF-a was
evaluated on GST beads (Fig. 2A). Binding of IGFBP-5 to GST-TNFR1
was inhibited by TNF-a in a dose-dependent manner. This result
suggests that IGFBP-5 competes with TNF-a to bind to TNFR1.

The effect of competition between IGFBP-5 and TNF-a for
TNFR1 binding on the signaling cascade downstream of TNFR1-
TNF-a was determined by measuring NF-jB activity. Upon treat-
ment of cells with TNF-a, p65, a NF-jB subunit, translocates into
the nucleus and activates expression of growth factors and inflam-
matory genes [11]. To investigate the subcellular localization of
TNF-a-activated p65 in the presence of IGFBP-5, serum-starved
stable cells (BP5/293 and Vec/293 cells) were treated for 1 h
with TNF-a (1 ng/ml) and then stained with anti-p65 (Fig. 2B). In
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Fig. 3. Conditioned media containing IGFBP-5 inhibits the PMA-induced NF-jB-related s
transiently transfected with NF-jB-Luc and Renilla luciferase genes. Serum-starved U-9
stable cells in the presence of PMA (25 ng/ml) for 3 h. DMSO was added to U-937 cells
obtained using control media (from Vec/293) after normalization by Renilla luciferase a
⁄⁄p < 0.01). (B) Serum-starved U-937 cells were treated with conditioned media obtained
Total RNA was isolated and RT-PCR was performed using primers for TNF-a, IL-6, and GA
from stable cells with or without PMA (25 ng/ml). Six hours after incubation, media were
6 secreted into the media was calculated using a standardized curve obtained using rec
Vec/293 cells treated with TNF-a, p65 was localized in the nucleus
in approximately 65% of all cells, whereas only 25% of BP5/293 cells
showed nuclear localization of p65. These data are shown in bar
graph form on the right panel in Fig. 2B. Together, these data sug-
gest that IGFBP-5 inhibits the TNF-a-TNFR1 downstream signaling
cascade via interaction with TNFR1.

3.4. Conditioned medium containing IGFBP-5 inhibits the PMA-
induced NF-jB signaling pathway in U-937 cells

As a TNFR1 ligand, secreted IGFBP-5 might inhibit the binding of
TNF-a to TNFR1. To study the effect of secreted IGFBP-5 on physi-
ological levels of TNFR1 and TNF-a, we investigated the TNFR1
downstream signaling pathway in PMA-induced U-937 cells, a hu-
man leukemic monocyte lymphoma cell line. We used U-937 cells
to study endogenous TNFR1 activity in this study as these cells are
known to express high levels of TNFR1 [14,15]. After stimulation of
U-937 cells with PMA, TNF-a is expressed, resulting in the activa-
tion of NF-jB. Activated NF-jB then binds to the IL-6 promoter and
induces IL-6 gene expression [16]. U-937 cells were transiently
transfected with the NF-jB-Luc reporter gene, followed by ser-
um-starvation, and then the serum-starved U-937 cells were trea-
ted with the conditioned media obtained from BP5/293 or Vec/293
stable cells in the absence and presence of PMA (25 ng/ml) for 3 h.
PMA-induced NF-jB-Luc activity was inhibited in a dose-
dependent manner as the volume of conditioned media containing
IGFBP-5 was increased, in contrast to the results obtained using
conditioned media from Vec/293 cells as a control (Fig. 3A). We
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then investigated the effects of conditioned media containing
IGFBP-5 on IL-6 gene expression and its secretion using RT-PCR
and ELISA, respectively. Fig. 3B showed that PMA induced TNF-a
gene expression in U-937 cells treated with both control and
IGFBP-5 conditioned media. However, conditioned media obtained
from BP5/293 stable cells inhibited PMA-induced IL-6 gene expres-
sion compared with the control media-treated U-937 cells. The
effect of IGFBP-5 on the secretion of IL-6 was also determined by
IL-6-specific ELISA analysis (Fig. 3C). Without PMA, IL-6 production
was about 74 pg/ml and 46 pg/ml in the control media- and IGFBP-
5 conditioned media-treated U-937 cells, respectively. Stimulation
of U-937 cells with PMA produced IL-6 to 2575 pg/ml in the media
obtained from control media-treated U-937 cells. However, the in-
duced IL-6 production by PMA was reduced to about 1260 pg/ml in
the media from IGFBP-5 conditioned media-treated U-937 cells.
Consistent with the inhibition of IL-6 gene expression by IGFBP-5
conditioned media, the amount of IL-6 secreted into the media
was reduced by 50% in U-937 cells treated with IGFBP-5-condi-
tioned media compared to control media-treated U-937 cells
(Fig. 3C). These data demonstrate that secreted IGFBP-5 has an
inhibitory effect on the PMA-induced NF-jB signaling pathway.
3.5. The L-domain of IGFBP-5 is involved in the inhibition of TNF-a-
induced NF-jB activity

IGFBP-5 has three domains: an N-terminal domain (amino acids
1–80), an L-domain (amino acids 81–168), and a C-terminal do-
main (amino acids 169–252) [4,6]. We determined the TNFR1-
interacting region of IGFBP-5 by constructing truncation mutants
of IGFBP-5 (Fig. 4A). Because IGFBP-5 has a signal peptide, the
pSecTag2 vector, which contains the Igj signal peptide sequence,
was used to prepare the IGFBP-5 truncation mutants (see Section
2). Full-length and truncated IGFBP-5 mutants were transiently
transfected with TNFR1 into HEK293 cells, and whole cell lysates
were coimmunoprecipitated using anti-Flag antibody. Immuno-
precipitated proteins were analyzed by Western blotting using an
anti-Myc antibody. Interaction assays between TNFR1 and IGFBP-
5 using the N1–80, L81–168, or C 169–252 truncation mutants revealed
that both the N- and L-domains of IGFBP-5 interact with TNFR1
(Fig. 4A). These interactions were TNFR1-specific; no specific inter-
actions were detected in whole cell lysates from cells expressing
only truncated IGFBP-5 proteins (data not shown). However,
IGFBP-5 containing only the C-terminal domain (BP5-C) failed to
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interact with TNFR1. These results demonstrate that IGFBP-5 pos-
sesses two TNFR1-interacting domains: the N- and L-domains.

To determine which domain of IGFBP-5 acts as a TNFR1 ligand,
the interaction between IGFBP-5 truncation mutants and TNFR1 in
the presence of increasing amounts of TNF-a was evaluated by
coimmunoprecipitation using an anti-Flag antibody (Fig. 4B). Bind-
ing of BP5-L to TNFR1 was inhibited by TNF-a in a dose-dependent
manner. However, TNF-a did not disrupt the interaction between
BP5-N and TNFR1. This result suggests that although both BP5-N
and BP5-L can interact with TNFR1, only BP5-L is potentially a
TNFR1 ligand. To confirm the inhibitory effect of BP5-L on the
TNF-a-TNFR1 signaling pathway, a reporter assay using NF-jB-
responsive genes was performed after transient transfection of
TNFR1 and IGFBP-5 truncation mutants into HEK293 cells
(Fig. 4C). Although IGFBP-5 FL had a subtle effect on NF-jB-Luc
activity, BP5-L inhibited TNF-a-induced NF-jB-Luc activity by
55% compared with vector-only transfected cells. To investigate
the subcellular localization of TNF-a-activated p65 in the presence
of IGFBP-5, BP5/293 stable cells expressing the various truncation
mutants were serum-starved, treated for 30 min with TNF-a, and
then stained with anti-p65 (Fig. 4D). In the absence of TNF-a,
p65 was localized in the cytoplasm. Upon treatment of cells with
TNF-a, p65 entered into the nucleus in 293 cells stably expressing
either vector alone (Vec/293), the N-domain (N/293), or the C-do-
main of IGFBP-5 (C/293). However, the nuclear translocation of p65
was blocked in 293 stable cells expressing the L-domain of IGFBP-5
(L/293). These results demonstrate that the L-domain of IGFBP-5
functions as a TNFR1 ligand and a competitive TNF-a inhibitor.

4. Discussion

In this study, we demonstrated that IGFBP-5 induces the expres-
sion of TNFR1. In vivo and in vitro binding assays revealed that
IGFBP-5 interacts physically with TNFR1. We used IGFBP-5 trunca-
tion mutants to more precisely delineate the TNFR1-interacting
region and found that IGFBP-5 interacts with TNFR1 through the
N- and L-domains. We also determined that the binding of BP5-L
to TNFR1 was inhibited by TNF-a in a dose-dependent manner.
Taken together, our data suggest that the L-domain of IGFBP-5 is
a novel TNFR1 ligand that competes with TNF-a for TNFR1 binding.
Human IGFBPs have highly conserved N- and C-terminal domains
[5]. However, the L-domain shows less amino acid sequence
conservation between IGFBPs. The low sequence homology of
L-domains suggests that the inhibitory effect of IGFBP-5 on the
TNF-a-TNFR1 downstream cascade might be an IGFBP-5-specific
phenomenon. The L-domain has been reported to interact with an
acid-labile subunit, and posttranslational modifications such as gly-
cosylation and phosphorylation are known to occur in this domain
[6,17–19]. Therefore, it would be interesting to determine whether
posttranslational modifications of the L-domain affect its interac-
tion with TNFR1. In contrast to the L-domain, TNF-a did not inhibit
the binding of BP5-N to TNFR1. This result suggests that the
N-domain of IGFBP-5 may interact in a different manner with
TNFR1. Because the N-terminal domain is highly conserved among
human IGFBPs, it would be interesting to determine whether other
IGFBPs can interact with TNFR1 and to evaluate the significance of
the interaction between the N-domain of IGFBP-5 and TNFR1.

To evaluate the downstream effects of competition between
IGFBP-5 and TNF-a, we investigated whether IGFBP-5 inhibited
TNF-a-induced NF-jB. Cells expressing BP5-L displayed an approx-
imately 50% reduction in TNF-a-induced NF-jB-Luc activity
compared with vector-transfected cells, and in the cells, the TNF-
a-induced-nuclear translocation of p65 was largely blocked. These
results verified that BP5-L competitively inhibits TNF-a as a TNFR1
ligand. To test our hypothesis that BP5-L may interact with TNFR1
on the cell surface as a novel TNFR1 ligand, U-937 cells were trea-
ted with conditioned media obtained from BP5/293 stable cells.
We chose to use U-937 cells in this study because they express
high level of endogenous TNFR1 [14,15]. It is reported that stimu-
lation of U-937 cells with PMA induces TNF-a gene expression,
resulting in the activation of NF-jB and induction of IL-6 gene
expression [16]. We treated U-937 cells with PMA and conditioned
media and then assayed NF-jB-Luc activity, TNF-a and IL-6 gene
expressions, and levels of secreted IL-6. PMA-induced-NF-jB-Luc
activity was inhibited by treatment with conditioned media con-
taining IGFBP-5. DMSO that was used instead of PMA, could not in-
duce NF-jB-Luc activity. This result demonstrates that PMA
induces TNF-a expression. Indeed, PMA induced TNF-a gene
expression in both control media- and IGFBP-5 conditioned med-
ia-treated U-937 cells. However, conditioned media containing
IGFBP-5 inhibited PMA-induced IL-6 gene expression. Consistent
with the IGFBP-5-induced reduction in expression of IL-6, secretion
of IL-6 was also reduced. Taken together, our results indicate that
secreted IGFBP-5 inhibits TNF-a binding to TNFR1 by binding to
TNFR1 via its L-domain. Furthermore, our results suggest that
TNFR1 can function as an IGFBP-5 receptor under certain condi-
tions. A putative IGFBP-5 receptor, a 420 kDa membrane protein,
has been reported in osteoblasts [20]. Both IGFBP-51–169 and the
C-terminal region of IGFBP-5 (201–218) interacted with the recep-
tor. Therefore, we cannot exclude the possibility that IGFBP-5
could interact with tissue-specific receptors via different domains.

IGFBP-5 is known to have both IGF-dependent and IGF-inde-
pendent activities [2,5]. The IGF-interacting domain is located in
the IGFBP-5 N- and C-domains [4,5]. Because IGFBP-5 interacted
with GST-TNFR1 in an in vitro system and only the L-domain of
IGFBP-5 functioned as a TNFR1 ligand, the interaction between
BP5-L and TNFR1 likely corresponds to the IGF-independent
activity.

Several cleaved forms of IGFBP-5 have been found in blood. In
particular, Standker et al. [7] detected a fragment of the IGFBP-5
L-domain (121–143) among the circulating human peptides. It
would therefore be interesting to investigate the minimum
TNFR1-interacting region of BP5-L in future studies.

In conclusion, we demonstrated that the L-domain of IGFBP-5 is
a novel ligand of TNFR1 and can function as a TNF-a inhibitor. Our
results suggest that IGFBP-5, as a novel TNFR1 ligand and a TNF-a
inhibitor, may have therapeutic potential for the treatment of dis-
eases caused by overexpression of TNF-a.
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