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Abstract
The microtubule cytoskeleton is known to play a role in cell structure and serve as a scaffold for a
variety of active molecules in processes as diverse as motility and cell division. The literature on
the role of microtubules in signal transduction, however, is marked by inconsistencies. We have
investigated a well-studied signaling pathway, TNF-α-induced NF-κB activation, and found a
connection between the stability of microtubules and the regulation of NF-κB signaling in C2C12
myotubes. When microtubules are stabilized by paclitaxel (taxol), there is a strong induction of
NF-κB even in the absence of TNF-α. Although there was no additive effect of taxol and TNF-α
on NF-κB activity suggesting a shared mechanism of activation, taxol strongly induced the NF-κB
reporter in the presence of a TNF receptor (TNFR) blocking antibody while TNF-α did not. Both
TNF-α and taxol induce the degradation of endogenous IκBα and either taxol or TNF-α induction
of NF-κB activity was blocked by inhibitors of NF-κB acting at different sites in the signaling
pathway. Both TNF-α and taxol strongly induce known NF-κB chemokine target genes. On the
other hand, if microtubules are destabilized by colchicine, then the induction of NF-κB by TNF-α
or taxol is greatly reduced. Taken together, we surmise that the activity of microtubules is at the
level of the TNFR intracellular domain. This phenomenon may indicate a new level of signaling
organization in cell biology, actively created by the state of the cytoskeleton, and has ramifications
for therapies where microtubule regulating drugs are used.
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Introduction
In signal transduction, the cytoskeleton is for the most part thought of as making mechanical
coupling possible or as an extensive surface area on which biological activities take place
[1]. The filamentous organization of all cells contains the same basic elements creating the
cytoskeleton, which consists of three basic types of filaments: microtubules, microfilaments,
and intermediate filaments. The natural history of microtubules is something that has been
determined biochemically and consists of a dynamic process in which mature microtubules
are constantly being formed from tubulin precursors and then broken down by processes
linked to movement and cell division [2]. Several compounds exist which can inhibit the
formation of microtubules (e.g. colchicine and vinblastine) or stabilize their formation,
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inhibiting their normal recycling (e.g. paclitaxel/taxol) [3]. Mostly for their effects on cell
proliferation, these compounds are widely used in the treatment of cancer.

One well-studied signal transduction pathway is that leading to the activation of nuclear
factor κB (NF-κB). A canonical example of this pathway is its induction by tumor necrosis
factor alpha (TNF-α), an inflammatory catabolic cytokine involved in systemic diseases
including cancer. Diagrams that describe models of the activation of this system show the
cell membrane on which receptors in the pathway reside and the nuclear membrane through
which the active components move yet leave a description of the cytoskeleton blank and
without purpose [4]. Correlations between microtubule-affecting drugs and effects on cell
signaling for the NF-κB signaling pathway have been described. However, the literature on
the involvement of microtubules in the TNF-α-induced NF-κB signaling pathway presents a
conflicting set of data. Conclusions have been drawn showing that both inhibition [5] and
stabilization [6] of microtubules lead to the induction of NF-κB.

In the present paper, we provide data that support the idea that microtubules are an essential
component of TNF-α-induced NF-κB signal transduction and gene expression. We focus on
skeletal muscle cells which have a well-developed cytoskeleton and a very strong NF-κB
response. By using pharmacological, biochemical and molecular biological tools we show
that microtubules are required for the NF-κB arm of TNF-α signaling. We present a model
for the action of microtubules in regulating NF-κB induction possibly at the activation
complex of the TNF receptors.

Materials and methods
Cells and chemicals

C2C12 and A9 cells were obtained from American Type Culture Collection (Manassas,
VA). HeLa cells were from DSMZ (Braunschweig, Germany). TNF-α (mouse recombinant),
human TNFα, colchicine, vinblastine, and taxol (paclitaxel, Taxus sp.) were purchased from
Sigma (St. Louis, MO) and Calbiochem (San Diego, CA). Helenalin, andrographolide, and
wedelolactone were from Calbiochem. A blocking antibody to mouse TNFR1 was an
Armenian hamster monoclonal from R&D Systems (Minneapolis, MN). A polyclonal TNF
receptor activating antibody was purchased from Abcam (#7365). An antibody against IκBα
(#sc-321) was purchased from Santa Cruz Biotechnology (Santa Cruz, CA).

Cell culture
Cells were grown in DMEM with added 10% FCS and antibiotics. For myoblast
differentiation, cells were grown in DMEM with 2% horse serum.

Treatments
For NF-κB activity experiments, unless otherwise noted, cells were transfected with a
plasmid in which three copies of an Igk-derived NF-κB response element sits in a basal IL-2
promoter and directs the transcription of luciferase from pGL3 (Promega) [7]. In other cases,
cells were also transfected with a human RelA (p65) synthesizing plasmid [8] or a plasmid
directing synthesis of human constitutively active (c.a.) IKKβ [9]. For transfection, effectene
(Qiagen) was used as per the manufacturer's protocol for 24-well plates, except in the case
of myoblasts the transfection was set up in differentiation medium and differentiated for at
least 2 days before treating with test compounds. Andrographolide, helenalin, or
wedelolactone were preincubated with cultures for 3 h and then followed with no treatment
or further incubation with TNF-α or taxol for 4 h prior to processing for luciferase. For the
test of TNFR1 blocking antibody, transfected C2C12 cells were either untreated or
pretreated with 20 µg/ml of the antibody for 1 h followed by continued treatment without or
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with 0.1 or 1 ng/ml TNFα or 20 µM taxol for a subsequent 4 h and then taken for luciferase
assay. For experiments on HeLa cells and the cells directly compared to them, the treatment
methods were the same as that described by Rosette and Karin [10].

Luciferase assay
At the time of harvest, the medium was removed from the cultures and 200 µl of Passive
Lysis Buffer (Promega) was added per well. This was allowed to sit for 15 min and then the
plate was put into a −80 °C freezer. The next day, the plate was thawed and the cells were
scraped into Eppendorf tubes and vortexed then spun to remove debris. The supernatant was
assayed by mixing 5 µl of the test solution with 95 µl of luciferase substrate buffer
(Promega) and light emission was read on a Turner Designs TD-20/20 luminometer. As an
internal control, some transfections also included a second Renilla-expressing plasmid and
were assayed with the Promega Stop and Glo reagent for its detection.

Microtubule immunochemistry
Cells were grown in a 24-well plate, then treated after 2 days of differentiation with various
compounds, or left untreated and fixed with neutral buffered formalin 4% for 20 min at
room temperature. Then the cultures were washed with PBS–Tween before incubating with
blocking solution (LiCor) overnight. The next day, they received primary antibody, mouse
monoclonal to α-tubulin, for 1 to 4 h at room temperature, washed 3× with PBS–Tween,
then a secondary goat anti-mouse antibody with Texas red conjugated for 1 h. After a last set
of washes, coverslips were mounted with ProLong Gold Antifade Reagent and left overnight
(all antibodies and antifade reagent were from Molecular Probes, Eugene, OR). The
following day images were taken with a SPOT camera (Diagnostic Instruments, Inc.,
Michigan) on a Nikon TS100 inverted microscope.

Western blotting
For Western blotting, cell extracts were electrophoresed on SDS–polyacrylamide gels and
electroblotted onto PDVF membranes. Membranes were blocked with LiCor blocking buffer
and incubated with primary antibodies and then with secondary antibodies which were
labeled with near IR fluorescent tags. The resulting blots were then scanned on a LiCor
Odyssey machine which creates a visual image as well as quantitating the amount of
antibody stained protein over five logs of dynamic range.

Quantitative PCR
For quantitative PCR, the Taqman system (Applied Biosystems, Inc.) was used. C2C12 cells
were plated into 24-well plates and cultured in differentiation medium for 2 days and then
untreated or treated with TNF-α (10 ng/ml) or taxol (20 µM) for 4 h. Following the
treatments, the wells were harvested for RNA using the microRNA kit (Qiagen Inc.). RNA
was quantitated by spectrophotometry and then used in producing cDNA with the High
Capacity Reverse Transcription Kit of ABI. The resultant cDNA was used in the qPCR. The
genes with ABI numbers CCl2/Mcp1 Mn00441242_m1 and Cxcl10/Ip10 Mn00445235_m1
were assayed on an ABI 7300 machine.

TNF-α assay
The ELISA MAX Set Deluxe for Mouse TNF-α was used to measure TNF-α in culture
supernatants (BioLegend, San Diego, CA). The standard curve was from 0 to 500 pg/ml.
The recombinant mouse TNF-α used in cell treatment served as a positive control.
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Statistics
All graphing was done with Prism 4.0 software (Graphpad Software, California). Error bars
show standard error of the mean, and curve fitting was done by Prism with the particular
curve type described in the figure legends. For statistical significance of experimental
samples, unpaired t-tests were carried out by Prism software.

Results
The NF-κB reporter system and effects of microtubule modifying agents

In order to standardize the role of NF-κB in cell culture, we set up an experimental system in
which we transfected an NF-κB sensitive luciferase reporter plasmid into C2C12 myoblasts
and then allowed the cultures to differentiate for 2 days before treating them with TNF-α. As
we evaluated the reporter system, we found that a wide range of TNF-α doses induced NF-
κB (Fig. 1A). The NF-κB response as plotted on a semi log scale is linear over at least three
orders of magnitude and down to 10 pg/ml. At 1 pg/ml, there was no detectable NF-κB
induction. Choosing two TNF-α doses from within our plotted data, we next observed how
in this system, NF-κB-dependent luciferase, increases with time (Fig. 1B). We chose a dose
of 10 ng/ml and a time of 4 h for further measurements. We used this functional assay to
investigate how changes to the cytoskeleton would affect NF-κB induction. We therefore
tested cytoskeleton-affecting compounds that could add to or antagonize the effect of TNF-α
on NF-κB activity.

We found that taxol, a stabilizer of polymerized microtubules, could act in a manner similar
to TNF-α with respect to the induction of NF-κB reporter activity (Fig. 1C). By itself, taxol
did not induce any measurable increase of endogenous TNF-α (measured values were less
than 0.4 pg/ml, data not shown). Next we found that colchicine, an inhibitor of microtubule
polymerization, although not producing any effects of its own, was an antagonist of the
TNF-α effect as shown by a dose–response curve (Fig. 1D). Colchicine is also an inhibitor
of taxol-induced NF-κB induction with a slightly different effective concentration
(Supplementary Fig. 1). In addition, the two inducers are not additive; when we combine
treatments of cells with TNF-α and taxol, we only get the induction equal to TNF-α alone
(Supplementary Fig. 2).

The gross visual effect of these compounds on the staining of microtubules in treated cells
reveals that microtubules in the cells are normally arrayed in a fibrous network (Fig. 2A), an
appearance which changes little with the addition of TNF-α (Fig. 2B). The stained
microtubules become condensed to tufts with taxol treatment (Fig. 2C) or lose fibers
altogether with the addition of colchicine (Fig. 2D).

Taxol versus TNF-α activation of NF-κB
NF-κB signaling by TNF-α or taxol in the presence of NF-κB inhibitors—In
order to discover where in the TNF-α-NF-κB signaling cascade microtubules were
functioning, we used NF-κB inhibitors to assay for components of the signaling pathway
that are either shared or contrasting between TNF-α and taxol. We tested several inhibitors
of NF-κB induction and found that they all blocked both TNF-α and taxol activation of NF-
κB reporter activity (Fig. 3). This included antagonists of p50 (andrographolide) [11], p65
(helenalin) [12], and the inhibitor kappa B kinase (IKK) (wedelolactone) [13]. This suggests
that like TNF-α, taxol also activates endogenous NF-κB signaling at several levels.

TNF-α and taxol induce degradation of IκBα—TNF-α is thought to activate NF-κB
through a series of phosphorylations that ultimately induce ubiquitination and degradation of
IκBα which retains Rel heterodimers (e.g., p65:p50) in the cytoplasm. We measured
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expression of endogenous IκBα in C2C12 cells by inducing with TNF-α or taxol in medium
to which 100 µg/ml cycloheximide (CHX) had been added in order to prevent synthesis of
new IκBα (Fig. 4A). When compared to the background loss of IκBα in a 4-h period, TNF-α
or taxol caused the degradation of IκBα by ~40% (Fig. 4B). Although well known for TNF-
α, this suggests that taxol also activates upstream NF-κB signaling rather than having its
effect solely on basal cytoplasmic-nuclear cycling of Rel proteins.

Effect of TNF-α and taxol induction of NF-κB by TNFR1 blocking or activating
antibodies—The NF-κB activity assay was also used to compare C2C12 cells treated with
a TNFR1 blocking antibody and then TNF-α or taxol treatment (Fig. 5A). Although the
antibody had no effect on the NF-κB activity of untreated cells, it was highly antagonistic to
the NF-κB induction due to TNF-α. In striking contrast, the antibody failed to block the NF-
κB activating effect of taxol, suggesting that full TNF-α activity is dependent on it acting as
a ligand for TNFR1 whereas taxol is not. Further indication that taxol and TNF-α NF-κB
induction is different comes from an experiment in which a TNFR1 agonist antibody was
added to cells with and without these activators. The activating antibody, while producing
full NF-κB reporter activation on its own, adds little to TNF-α activation (Fig. 5B). The
approximately 60-fold activation of reporter activity due to addition of the activating
TNFR1 antibody was evident in cells with no treatment, with TNF-α treatment, or with taxol
treatment but taxol treatment alone showed less than half this level of activation again
suggesting that taxol acts differently than as a ligand of the TNF receptors.

Genes that respond to TNF-α and taxol—In order to determine if the changes in NF-
κB reporter which we observed with taxol treatment were reflected in changes of NF-κB
responsive genes, we studied two genes that have previously been shown to contain NF-κB
response elements and which have shown responses to TNF-α. These genes were Mcp1 and
Ip10 [14]. We performed qPCR on RNA from C2C12 cells that were treated with TNF-α or
taxol. TNF-α caused a 26-fold upregulation of Ip10 and a 110-fold upregulation of Mcp1
mRNA (Fig. 6). Taxol treatment showed a 15-fold upregulation of Ip10 and a 13-fold
upregulation of Mcp1.

Colchicine inhibition of NF-κB induction
The inhibition of NF-κB activity by colchicine is minimal on normal or background levels
of NF-κB while it causes a 70% inhibition of activity in cells treated with 10 ng/ml TNF-α
(Fig. 1D). We also found colchicine to inhibit NF-κB activity in HeLa and A9 cells
(Supplementary Fig. 3). To determine if the colchicine effect was related to the absolute
level of NF-κB activity, or if it required an active induction process to be inhibitory, we
performed over-expression experiments. If colchicine was inhibiting NF-κB reporter activity
by blocking the transport of Rel proteins from cytoplasm to nucleus, then it would be more
effective at higher levels of Rel release and that could be what was observed with TNF-α
treatment. Therefore, in addition to the reporter, we transfected C2C12 cells with plasmids
coding for the expression of either wild type p65 or constitutively active (c.a.) IKKβ.We
then treated these cultures with or without TNF-α and with and without colchicine.
Colchicine had the prototypical inhibitory effect on TNF-α-treated cells (Fig. 7A) but it did
not inhibit RelA-induced NF-κB activity with or without TNF-α (Fig. 7B). Induction of NF-
κB activity by c.a. IKKβ was also not inhibited by colchicine (Fig. 7C).

Discussion
The NF-κB signaling system is important in many dynamic cellular responses especially in
the action of agents promoting inflammation and regulating apoptosis [15]. In cancer, NF-
κB signaling is often associated with oncogenesis most likely due to its anti-apoptotic and
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thus pro-survival effects on cancer cells [16]. In skeletal muscle, this system is thought to be
important in the atrophy of cachexia [9,17,18] and has been shown to be required for
atrophy due to disuse [19]. Although much has been written about the regulatory and
effecting component parts of the NF-κB pathway, the involvement of the cytoskeleton has
been mostly considered as providing a framework in which the active molecules reside. In
this paper, we present data showing a requirement for the microtubule component of the
cytoskeleton in NF-κB activation. Microtubules do create structure but more than that, in the
case of NF-κB they appear to be able to regulate the progress of the entire signaling
pathway. We have found that microtubules are required for TNF-α induction of NF-κB.
Colchicine is inhibitory to both TNF-α and taxol activation of NF-κB. Taxol, a microtubule
stabilizer, is capable of induction of NF-κB activity in the absence of other inducers. Taxol
plus TNF-α do not show an additive effect on reporter activity which obviates the notion
that separate mechanisms are involved. We observed that taxol does not induce the
production of TNF-α in the cells, and so we have focused most of our discussion on the
comparison between taxol and TNF-α induction of NF-κB.

TNF-α induction of NF-κB
The current understanding for the pathway of NF-κB induction from TNF-α is the following
series of events [15,20,21]. TNF-α exists as a trimer in its active form which binds to the 55-
kDa (TNFR1) or 75-kDa (TNFR2) receptors, causing the receptors to form trimers in an
active configuration [22]. The active multimers of TNFR1 recruit TRADD at the “death
domain” and this is followed by recruitment of TRAF2 [20]. TNFR2 lacks a death domain
and so active TNFR2 recruits TRAF2. Under the differential regulation by other factors,
depending on the tissue type, TRAF2 interacts with RIP and these activated intracellular
domain receptor-associated proteins bind to the IKK complex via interaction with NEMO
(IKKγ) [15]. The induced IKK then activates the NF-κB cascade. The TRAF2 pathway,
therefore, activates NF-κB, downstream of both TNF receptors.

TNF-α versus taxol activation of NF-κB activity
Not only does taxol activate NF-κB reporter activity but it activates endogenous NF-κB
signaling since three inhibitors acting at different places in the NF-κB signaling pathway all
blocked taxol-induced reporter activity to the same extent as they did with TNF-α.
Consistent with endogenous activation of NF-κB signaling by taxol we showed that, similar
to TNF-α, taxol treatment in the presence of cycloheximide significantly reduced IκBα
suggesting that both molecules induce proteasomal degradation of IκBα. Further, we showed
that at least two endogenous chemokine genes that are known NF-κB targets (MCP-1,
IP-10) were activated by both TNF-α and taxol further supporting taxol's effect as an
endogenous NF-κB signaling inducer.

Differences in the mechanism of TNF-α and taxol in the induction of NF-κB activation were
revealed in experiments showing that an inhibitory TNFR1 antibody does not affect the
taxol induction of NF-κB, but this antibody significantly inhibits activation by TNF-α,
which is known to act as a ligand for both TNF receptors [21]. A TNFR1 activating antibody
strongly induced the NF-κB reporter, similar to that seen with TNF-α treatment alone. In
comparison, taxol-induced NF-κB activity was less than half the induction of the antibody
plus taxol or the antibody alone. This suggests that taxol's activation of NF-κB is not via the
extracellular domain of the TNF receptor, and that taxol and TNF-α have different but
overlapping mechanisms of action. It should be noted that the TNFR1-activating antibody
used may also activate TNFR2 since this polyclonal antibody recognized the extracellular
domain regions of both receptors in immunoblots of C2C12 cells (data not shown).
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Colchicine inhibits TNF-α and taxol induction of NF-κB
There is an inhibition by colchicine on TNF-α or taxol-induced NF-κB signaling. We have
shown that both activators induce degradation of IκBα. Therefore, the logical site for
colchicine to be inhibitory is at or before this degradation of IκBα. Even with that argument,
we were concerned that colchicine might be acting at least partially on the transport of Rel
proteins from cytoplasm to nucleus.

It is known that Rel proteins are constantly shuttling from cytoplasm to nucleus [23] and so
we reasoned that if we greatly increased the rate of shuttling then if colchicine was
regulating that transport, it would produce a measurable depression of the new levels of
constitutive activation. In fact, when we increased the levels of NF-κB activity by
overexpressing either more Rel protein (p65) or by increasing the activation of the IκBα by
c.a. IKKβ, colchicine had no effect on NF-κB activity. In spite of the fact that we had
increased activity and therefore transport of Rel to the nucleus to levels at or above those
created by TNF-α, colchicine had no effect, arguing that its effect is more likely on the
activation by TNF-α prior to the release of IκBα, perhaps even before activation of IKK.
This is consistent with the data of Mikenberg et al. [24] who showed that microtubules do
not participate in NF-κB nuclear transport in cells other than neurons.

A model for microtubule-based TNF receptor modulation in NF-κB signaling
We present the following model for the action of taxol, colchicine, and therefore
microtubules in the functioning of TNF receptor activation of NF-κB. Our primary
interpretation of these data is that microtubules are involved in the activation of TNF
receptors or the intracellular domain receptor-associated complex including IKK.
Stabilization of microtubules by taxol is capable of activating this mechanism. Colchicine is
capable of inhibiting signaling from activation of TNF-α or taxol. Data in this study show
that the cytoskeleton plays much more than a passive organizational role in cell signaling.
Our results show microtubules to be important in the signal transduction of the TNFα-NF-
κB system, and the relevance may be higher in cells with significant NF-κB signaling and a
well-developed cytoskeleton. These results are therefore important for therapies containing
microtubule modifying drugs in which TNF-α is involved such as in inflammatory settings
or cancer therapeutics.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Effect of TNF-α, taxol, and colchicine (cells treated for 4 h for each agent) on NF-κB
reporter activity in 2-day differentiated C2C12 cells. (A) NF-κB reporter activity plotted as
fold change against the log of TNF-α concentration. (B) Time course of TNF-α treatment on
NF-κB reporter activity at either 5 or 10 ng/ml TNF-α. (C) NF-κB reporter activity plotted
as fold change against the log of taxol concentration. (D) NF-κB reporter activity plotted as
fold change against the log of colchicine concentration plus a constant level of added TNF-α
(10 ng/ml). All curves are generated from Prism, sigmoidal dose–response (variable slope)
formula.
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Fig. 2.
Immunofluorescent images of 2-day differentiated C2C12 cells treated for 4 h with
modifiers of microtubules and stained with anti-tubulin. (A) Untreated myotubes. (B) TNF-α
treatment (10 ng/ml). (C) Taxol treatment (5 µM). (D) 5 µM colchicine treatment.
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Fig. 3.
NF-κB inhibitors abolish TNF-α or taxol induction of NF-κB reporter activity. Three
different inhibitors were added for 3 h prior to a further 4 h treatment with TNF-α (10 ng/
ml) or taxol (10 µM). Control wells received only the vehicle for the inhibitors, 0.2%
DMSO. Inhibitors of p50, p65, and IKKα/β were andrographolide (100 µM), helenalin (20
µM), and wedelolactone (50 µM), respectively. All inhibitors blocked TNF-α or taxol
induction of NF-κB reporter activity (P<0.05).
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Fig. 4.
IκBα protein expression decreases in response to 4 h of TNF-α or taxol treatment. (A)
Immunoblot of IκBα from C2C12 cells treated with 5 ng/ml TNF-α or 20 µM taxol in the
presence or absence of 355 µM CHX (100 µg/ml). (B) Quantitation of bands shows the loss
of IκBα by 40% from treatment with either NF-κB inducer (P<0.05).
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Fig. 5.
Effect of TNF-α or taxol-induced NF-κB reporter activity by the presence of either an
inhibiting or activating antibody to TNFR1. (A) Pairs of histogram bars are results for
untreated versus treated cells with 20 µg/ml TNFR1 inhibiting antibody. TNF-α-treated cells
(0.1 or 1.0 ng/ml) plus the TNFR1 antibody showed inhibition (P<0.05) of NF-κB activity
while the antibody did not affect the taxol (20 µM)-induced NF-κB activity. (B) An
activating TNFR1 antibody did not further increase TNF-α-induced (10 ng/ml) NF-κB
activity. (P<0.05). Taxol's activation of NF-κB activity was significantly less than the
antibody alone or the antibody plus taxol.
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Fig. 6.
Expression of endogenous NF-κB responsive genes (Mcp1 and Ip10) due to TNF-α or taxol
treatment measured by qPCR. Fold change of mRNA due to 4 h of treatment with 10 ng/ml
TNF-α treatment or 20 µM taxol. Both MCP-1 and IP-10 were significantly upregulated due
to the two treatments (P<0.05).
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Fig. 7.
Colchicine inhibits TNF-α-induced NF-κB activity but not activity induced by
overexpression of p65 or c.a. IKKβ in C2C12 cells. Cells were transfected with reporter
alone or with plasmids encoding p65 or c.a.IKKβ. (A) Colchicine (100 µM) inhibition of 4 h
of TNF-α-induced NF-κB activity (P<0.05). (B) Overexpression of p65 for 2 days strongly
induced NF-κB reporter activity and TNF-α addition for 4 h did not further activate the
reporter. Colchicine did not inhibit the elevated NF-κB activity due to p65 overexpression in
the presence or absence of TNF-α. (C) Overexpression of c.a. IKKβ for 2 days induced NF-
κB reporter activity and TNF addition for 4 h did not further activate the reporter.
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Colchicine did not inhibit the elevated NF-κB activity due to c.a. IKKβ overexpression in
the presence or absence of TNF-α.
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