
Abstract. Background: TZT-1027 (Soblidotin), a microtubule
(MT)-depolymerizing agent, has antivascular activity through
the disruption of microtubules in vascular endothelial cells. Our
aim was to elucidate the mechanism of TZT-1027-induced
antivascular activity by investigating the impact of various
inhibitors. Materials and Methods: The inhibitory effects on
TZT-1027-induced antivascular activity were evaluated by a
tumor perfusion study in mice bearing Colon26 tumors and a
vascular permeability study on human umbilical vein
endothelial cells monolayer. Western blotting analyses were
performed to verify the mechanism of antivascular activity.
Results: Pretreatment with docetaxel and SB220025, a p38
mitogen-activated protein kinase (MAPK) inhibitor,
significantly suppressed the TZT-1027-induced reduction of
tumor perfusion and increase in vascular permeability. Gross
findings showed that SB220025 visibly attenuated the TZT-
1027-induced widespread hemorrhage in tumors. Western
blotting analyses revealed that TZT-1027 induced the
phosphorylation of p38 MAPK only slightly compared to
hydrogen peroxide, and that docetaxel and SB220025 increased
the acetylation of ·-tubulin an effect opposite to that of TZT-
1027. Conclusion: TZT-1027-induced antivascular activity was
abolished by docetaxel through the stabilization of
microtubules, and by p38 MAPK inhibitor not only through the
regulation of the p38 MAPK pathway, but also through the
direct stabilization of microtubules, similar to docetaxel.

Microtubule (MT) homeostasis is governed by dynamic
polymerization and depolymerization of the tubulin
subunits. Since disrupting MT dynamics in cancer cells is
thought to be useful for treating the tumor, numerous anti-

MT agents, such as vinca alkaloids and taxanes have been
developed in the past quarter century. Although both vinca
alkaloids and taxanes affect the MT, they have opposite
modes of action; vinca alkaloids act by inhibiting the MT
and the taxanes by stabilizing the MT (1-2). Acetylation of
·-tubulin is a post-translational modification and is thought
to be a marker for MT stability; acetylated ·-tubulin is
detected in stable MTs (3) and depolymerized tubulin is
rapidly deacetylated in vivo (4). Thus, taxol, a MT-
stabilizing agent, could induce an increase in the acetylation
of ·-tubulin (5). In addition, although anti-MT agents
suppress the MT dynamics in cancer cells in common, only
the MT-depolymerizing agents, but not the MT-stabilizing
agents, specifically exert an antivascular activity against the
tumor vascular endothelial cells in varying degrees (6, 7).

TZT-1027 (Soblidotin) is an MT-depolymerizing agent
synthesized to have enhanced antitumor activity and
reduced toxicity compared to dolastatin 10 (8, 9). The
chemical structure of TZT-1027 is shown in Figure 1
(molecular weight, 701.98). TZT-1027 has been shown to
inhibit strongly the growth of various human cancer cells in
vitro (10), and its growth-inhibitory effect was less affected
by overexpression of P-glycoprotein (P-gp) than that of
other tubulin inhibitors and was not affected by
overexpression of breast cancer resistance protein (BCRP)
or multidrug resistance proteins (MRP) (11). In addition,
TZT-1027 has been shown to exert antitumor activity
against murine tumors and human xenografts (12). A
significant inhibition of growth was observed when TZT-
1027 was combined with CDDP, GEM and docetaxel in the
A549 solid tumor model (13). Moreover, TZT-1027 has
been recently verified to have antivascular activity in vitro
and in vivo (14-16), like other vascular targeting agents
(VTA), such as 5,6-dimethylxanthenone-4-acetic acid
(DMXAA) (17) and combretastatin A-4 (CA4DP) (18). The
antivascular activity of TZT-1027 has been evaluated in
comparison with that of other anticancer agents, including
MT-depolymerizing agents (vincristine, vinorelbine,
CA4DP), an MT-stabilizing agent (docetaxel [DTX]), and
non-MT binding agents (5-fluorouracil and cisplatin). TZT-
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1027 has been clearly shown to have potent antivascular
activity, because of the ability to enhance the vascular
permeability in human umbilical vein endothelial cells
(HUVEC) monolayers and to reduce perfusion in
advanced-stage Colon26 tumors implanted in mice, with
efficacy superior to vinca alkaloids and comparable to
CA4DP, a known VTA (19).

Disrupting the newly formed vasculature in the tumor is
an attractive therapeutic strategy for solid tumors, because
drug efficacy against the tumor vasculature would not be
affected by drug resistance mechanisms in a wide variety of
solid tumors. Although, for that reason, a number of VTA
targeting the MT cytoskeleton in tumor vascular endothelial
cells have been developed (17, 18), their mechanism of
antivascular activity remains unclear (14). The aim of the
present study was to elucidate the mechanism of the TZT-
1027-induced antivascular activity by investigating the
impact of various signal transduction inhibitors, including a
p38 mitogen-activated protein kinase (MAPK) inhibitor
(SB220025), a nitric oxide synthase (NOS) inhibitor
(Nomega-nitro-L-arginine, L-NNA), Rho kinase inhibitors
(Y-27632 and fasudil hydrochloride, Fasudil), an endothelin
antagonist (SB209670), a 5-hydroxytryptamine (5-HT)
antagonist (cyproheptadine, CYP), an MT-stabilizing agent
(DTX), and a glucocorticoid (dexamethasone, DEX) on this
activity. First, the inhibitory effects of various agents on
TZT-1027-induced antivascular activity were screened in
vivo by a tumor perfusion study in mice bearing advanced-
stage Colon26 tumors, and subsequently, the ability of the
agents that had an inhibitory effect in the in vivo study was
verified in vitro by a vascular permeability study on HUVEC
monolayer. Finally, Western blotting analyses of
phosphorylated p38 MAPK and acetylated ·-tubulin were
performed to verify the mechanism of TZT-1027-induced
antivascular activity.

Materials and Methods

Experimental animals and cell lines. Female BALB/c and CDF1
mice were purchased from Japan Charles River Co. Ltd.
(Kanagawa, Japan). A murine adenocarcinoma cell line, Colon26,

was kindly supplied by the Cancer Chemotherapy Center, Japanese
Foundation for Cancer Research (Tokyo, Japan) and maintained
in syngeneic BALB/c mice in our laboratory. All animal
experiments were conducted according to the Rules for the Care
and Use of Laboratory Animals of ASKA Pharmaceutical Co., Ltd.
HUVEC purchased from Cambrex (Walkersville, MD, USA),
cultured in EGM-2 medium (EGM-2 Bullet Kit, Cambrex) and
used for the experiments until passage 5. All cells were maintained
at 37ÆC in the presence of 5% CO2.

Drugs and reagents. TZT-1027, SB203580, SB209670, SB220025, Y-
27632, and VX-745 were synthesized in our laboratory (Kanagawa,
Japan). CYP and L-NNA were purchased from Sigma (St. Louis,
MO, USA), Fasudil from Asahi Kasei (Tokyo, Japan), DTX from
Aventis Pharma (Tokyo, Japan), and DEX from Nacalai Tesque,
Inc. (Kyoto, Japan). In the in vivo study, TZT-1027 was dissolved in
and diluted with 0.05 mol/L lactate buffer (pH 4.5), SB203580,
SB209670, SB220025, Y-27632, and L-NNA were dissolved in and
diluted with saline and CYP was dissolved in and diluted with
distilled water. DEX was suspended in and diluted with saline, and
preparations of Fasudil and DTX were diluted with saline. In the in
vitro study, all of the agents were dissolved in and/or diluted with a
medium appropriate for each experiment. Evans blue dye was
purchased from PeproTech EC Ltd. (London, UK), and
fluorescein isothiocyanate (FITC)-dextran (70 kDa) from Sigma.
Evans blue dye and FITC-dextran were dissolved in and diluted
with saline and EBM medium (Cambrex), respectively.

Tumor perfusion study. Tumor blood volume was measured by the
Evans blue dye perfusion technique, as described previously (14, 20,
21). Briefly, fragments (2 mm3) of Colon26 tumors were inoculated
subcutaneously into the right flank of female CDF1 mice, and the
experiment was performed when the tumor volume reached
approximately 400 to 600 mm3. After pretreatment of mice bearing
Colon26 with each agent or vehicle (saline), a single dose of 2 mg/kg
TZT-1027 (14) or vehicle (lactate buffer) was administered
intravenously at 10 mL/kg. The effective dose and administration
route of each agent were as follows: SB209670 1 mg/kg, i.v. (22), Y-
27632 30 mg/kg, i.v. maximum tolerated dose (MTD), Fasudil 30
mg/kg, i.v. MTD, CYP 20 mg/kg, i.p. (23), L-NNA 20 mg/kg, i.v.
(24), and DTX 40 mg/kg, i.v. (25), all had 10 minutes of
pretreatment. SB220025 50 mg/kg, p.o. (26) and DEX 0.1 mg/kg, s.c.
(27) were administered 1 hour before TZT-1027. At 6 hours after
administration of TZT-1027, 1% Evans blue dye was injected
intravenously at 10 mL/kg. After 2 minutes, the mice were
exsanguinated and sacrificed, and the tumor tissues were extirpated,
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Figure 1. The chemical structure of TZT-1027.



weighed and homogenized in a 5-fold volume of digestive solution
[0.5% sodium sulfate-acetone (2:3)]. After incubation for 48 hours
at room temperature to extract the Evans blue dye, the suspensions
were centrifuged at 1,700xg for 10 minutes, and the amount of
Evans blue dye in the supernatant was measured using a 96-well
microplate reader (Nippon InterMed K.K., Tokyo, Japan) with
absorbance set at 620 nm.

Gross findings. As in the tumor perfusion study, fragments (2 mm3)
of Colon26 tumors were inoculated subcutaneously into the right
flank of female CDF1 mice and the experiment was performed
when the tumor volume reached approximately 400 to 600 mm3. At
1 hour after pretreatment of mice bearing Colon26 tumors with
SB220025 (50 mg/kg, p.o.) or vehicle (saline), a single dose of 2
mg/kg TZT-1027 was administered intravenously at 10 mL/kg. At 1,
3, and 6 hours after administration of TZT-1027, the state of the
tumor in situ in living mice and extirpated was observed grossly and
photographed.

HUVEC monolayer permeability study. Diffusion of FITC-dextran
passing through the HUVEC monolayer was determined as described
previously (28, 29). Briefly, HUVEC were cultured on fibronectin-
coated culture inserts (upper compartment, pore size: 3 Ìm) set on
24-well companion plates (lower compartment, Becton Dickinson,
Bedford, MA, USA) containing EGM-2 medium at 2x105 cells/well.
When confluent monolayers were obtained after 2 days of culture,
the two compartments were washed twice with PBS. DTX (10–7

g/mL), SB220025 (30 ÌM) and VX-745 (30 ÌM) diluted with EBM
medium or the vehicle was added to the upper and lower
compartments at 0.15 mL and 0.75 mL, respectively, for 30 minutes of
pretreatment. SB220025 and VX-745 are p38 MAPK inhibitors with
the same mechanism but differing in chemical structure were both
used to ensure that any effect of SB220025 was not a non-specific
inhibitory activity of SB220025 itself. After two washes with PBS,
TZT-1027 (10–7 g/mL, a concentration which has been shown to
significantly enhance vascular permeability (14)) in 0.15 mL diluted
with 1 mg/mL FITC-dextran in EBM medium and the same
concentration of TZT-1027 in 0.75 mL diluted with EBM medium
was added to the upper and lower compartments, respectively. After
60 minutes of treatment, a 50-ÌL aliquot was sampled from the lower
compartment, and its fluorescence intensity was measured (excitation:
490 nm; emission: 530 nm) using a 96-well microplate reader (Corona
Electric Co., Ltd., Ibaragi, Japan).

Western immunoblot analysis. HUVEC were plated on a 90-mm dish
at 2x105 cells/mL. After 24 hours, they were treated with TZT (10–7

g/mL), DTX (10–7 g/mL), SB220025 (30 ÌM) or SB203580 (30 ÌM)
diluted with EGM-2 medium. After treatment, HUVEC were
washed with PBS and lysed with 0.2 mL SDS buffer (120 mM Tris-
HCl, 4% SDS, pH 6.8). The lysate was centrifuged at 15,000xg for 5
minutes at 4ÆC, and the protein concentration of the supernatant
was determined using a BCA Protein Assay Kit (PIERCE,
Rockford, IL, USA). Equal amounts of protein (30 mg) were
applied to an SDS-polyacrylamide gel, electrophoresed at 20 mA
for 1 hour, transferred to a PVDF, membrane (Millipore, Billerica,
MA, USA) at 25 V for 1 hour, and subjected to immunoblot
analysis. Detection was performed using an ECL Western blot
detection system (Amersham Bioscience, Piscataway, NJ, USA),
and the density of the band was scanned by an image scanner and
quantified using the NIH image program (National Institutes of

Health, Bethesda, MD, USA). The primary antibodies for acetyl ·-
tubulin, ‚-tubulin, phospho-p38 (p-p38), and histone deacetylase 6
(HDAC6) were anti-acetyl ·-tubulin monoclonal antibody (Sigma)
anti-b-tubulin monoclonal antibody (Sigma), anti-p-p38 MAPK
monoclonal antibody (Cell Signaling Technology, Danvers, MA,
USA), and anti-HDAC6 antibody (Cell Signaling Technology),
respectively. The secondary antibody for HDAC6 was anti-rabbit
IgG horseradish peroxidase-linked whole antibody (Amersham
Biosciences), the secondary antibody for the other primary
antibodies was anti-mouse IgG horseradish peroxidase-linked whole
antibody (Amersham Biosciences).

Statistical analyses. The data obtained from the tumor perfusion
study and the HUVEC monolayer permeability study were
analyzed using the parametric Student’s t-test and the parametric
Tukey type multiple comparison, respectively. Statistical analyses
were carried out using SAS-system Release 8.2 software (SAS
Institute Japan Ltd., Tokyo, Japan), and a p-value of less than 0.05
was considered statistically significant.

Results

Tumor perfusion study. The impact of the various signal
transduction inhibitors on tumor perfusion is shown in
Figure 2. Treatment with TZT-1027 for 6 hours significantly
reduced tumor perfusion compared to vehicle alone, with
Evans blue dye content decreasing from 36.6 to 17.6 Ìg/g
(p<0.001) in experiment 1 and from 31.3 to 10.2 Ìg/g
(p<0.001) in experiment 2. In addition, the TZT-1027-
induced reduction of tumor perfusion was suppressed
significantly by pretreatment with SB220025, but not with
L-NNA, CYP or SB209670 and by pretreatment with DTX,
but not with Y-27632, Fasudil, or DEX.

Gross findings. Whereas treatment with vehicle revealed
little hemorrhage in the tumor (Figure 3a), treatment with
TZT-1027 alone visibly caused irregular hemorrhage as
early as 1 hour (Figure 3b), which became more marked
with time (Figure 3c), and finally extended throughout the
tumor 6 hours after administration (Figure 3d). In contrast,
pretreatment with SB220025 attenuated the TZT-1027-
induced hemorrhage compared to that with TZT-1027 alone
1 hour after administration of TZT-1027 (Figure 3e), with
the tumor appearance almost similar to that with vehicle
alone. In addition, although a slight hemorrhage was noted
with SB220025 pretreatment 3 or more hours after
administration of TZT-1027 (Figure 3f and Figure 3g), the
degree of hemorrhage was less than that with TZT-1027
alone (Figure 3f and Figure 3g).

HUVEC monolayer permeability study. To clarify the
antagonistic activity of DTX and SB220025, we next evaluated
their effects on TZT-1027-induced increase in vascular
permeability on a HUVEC monolayer (Figure 4 and Figure 5).
Treatment with TZT-1027 significantly (p<0.001) increased
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the quantity of FITC-dextran passing through the HUVEC
monolayer compared to the control in all three experiments
(Figure 4, Figure 5A and Figure 5B), confirming a marked
increase in vascular permeability. In contrast, pretreatment
with DTX significantly (p<0.001) suppressed the TZT-1027-
induced increase in vascular permeability, with an inhibition
rate (IR) of 86.0% (Figure 4). Pretreatment with SB220025 or

VX-745 significantly (p<0.001) suppressed the TZT-1027-
induced increase in vascular permeability, with IRs of 94.5%
and 48.9%, respectively (Figure 5A and Figure 5B).

Western immunoblot analysis. The ability of TZT-1027 to
induce the phosphorylation of p38 MAPK was investigated
(Figure 6) (30-32). Although TZT-1027 induced the
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Figure 2. Inhibitory effect of various antitumor agents on TZT-1027-induced reduction of tumor perfusion in mice bearing Colon26 tumors. Pretreatment
with SB220025 (a p38 MAPK inhibitor), L-NNA (a NOS inhibitor), CYP (a 5-HT antagonist) and SB209670 (an endothelin antagonist) in experiment
1 (A), as well as DTX (a MT-stabilizing agent), Y-27632 and Fasudil Rho kinase inhibitors and DEX (a glucocorticoid) in experiment 2 (B) was followed
by treatment with TZT-1027 for 6 hours. Details in Materials and Methods. Tumor blood volume was determined spectrophotometrically using Evans blue
dye. Each bar represents the mean ± SD of 5 (experiment 1) or 8 (experiment 2) mice. *p<0.001 versus (vehicle+vehicle) treated group; #p<0.001
versus (vehicle+TZT-1027) treated group (Student's t-test).



phosphorylation of p38 MAPK in HUVEC after 30 minutes
exposure, the expression level of phosphorylated p38 MAPK
by TZT-1027 was markedly less than that by the positive
control H2O2 (1 ÌM, 5 min) (Figure 6A). Next, we
examined whether TZT-1027 and DTX affected the
acetylation of ·-tubulin in HUVEC. Whereas TZT-1027
induced the deacetylation of ·-tubulin from 5 minutes after
treatment in a time-dependent manner, DTX conversely
induced the acetylation of ·-tubulin from 5 minutes after
treatment an effect opposite to that of TZT-1027 (Figure
6B). Subsequently, we also examined the impact of the p38
MAPK inhibitors, SB220025 and SB203580, on acetylation
of ·-tubulin, and found that as with DTX both inhibitors
induced an increase in acetylation of ·-tubulin on HUVEC
in a time-dependent manner, but had no effect on ‚-tubulin
expression level (Figure 6B). Finally, we investigated the

expression level of HDAC6, which controls the
deacetylation of MT (33), after treatment with TZT-1027,
DTX, or SB220025 to clarify the involvement of HDAC6 in
the p38 MAPK pathway and disruption of MT dynamics. No
changes in the expression level of HDAC6 after 1 hour of
treatment with TZT-1027, DTX or SB220025 were observed
(Figure 6C).

Discussion

Previously, we demonstrated that TZT-1027 has antivascular
activity, as do other VTAs, because it has the ability to
induce the disruption of the MT cytoskeleton in vascular
endothelial cells, the increase in vascular permeability in
HUVEC monolayers and in tumors, the reduction of tumor
perfusion, and tumoral hemorrhage (14). In the present
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Figure 3. Effect of SB220025 on TZT-1027-induced hemorrhage in advanced-stage Colon26 tumors. At 1 hour after pretreatment of mice bearing
Colon26 tumors with SB220025 (50 mg/kg, p.o.) or vehicle (saline), a single dose of 2 mg/kg TZT-1027 or lactate buffer was administered intravenously
at 10 mL/kg. At 1, 3 and 6 hours after administration of TZT-1027, the state of the tumor in situ in living mice and extirpated was observed grossly and
photographed.



study, among the agents examined, only a MT-stabilizing
agent and a p38 MAPK inhibitor suppressed the TZT-1027-
induced reduction of tumor perfusion (Figure 2), implying
that disruption of the MT cytoskeleton would be necessary
for the antivascular activity and that the p38 MAPK
pathway might play an important role in the antivascular
activity. The antagonistic activity was confirmed by an
examination of their ability to attenuate TZT-1027-induced
tumoral hemorrhage in the gross findings (Figure 3) and to
suppress the TZT-1027-induced increase in vascular
permeability (Figures 4 and 5). As an inhibitory effect was
observed with both SB220025 and VX-745, the antagonistic
activity on the TZT-1027-induced increase in vascular
permeability was suggested to be common among p38
MAPK inhibitors. Previous data have suggested that the
activation of the p38 MAPK pathway could cause a change
in the endothelial actin cytoskeleton and an increase in
vascular permeability on endothelial monolayers (30-32). In
contrast, the Rho kinase inhibitors (Fasudil and Y-27632)
only slightly inhibited the TZT-1027-induced reduction of
tumor perfusion, although Rho kinase controls the
rearrangement of actin microfilaments, one of the major
components of the cytoskeleton, as well as the intermediate
filaments and MTs. Our results supported the results of a
previous report that an increase in vascular permeability is
independent of Rho and Rho kinase activation, and
indicated that the MT network, but not the actin network,
may be an important modulator of endothelial barrier
function leading to antivascular activity (34).

Acetylation of ·-tubulin is closely involved in the
stabilization of the MT cytoskeleton (3, 4). Paclitaxel, a
MT-stabilizing agent like DTX, induced the acetylation of
·-tubulin, and abolished the TNF-·-induced decrease in
transendothelial electrical resistance (equal to an increase
in vascular permeability) and the VTA (ZD6126)-induced
MT depolymerization in HUVEC and acute necrosis in
the tumor (4, 35, 36). As with previous reports, our results
also showed that DTX markedly suppressed TZT-1027-
induced antivascular activity in the reduction of tumor
perfusion, the induction of tumor hemorrhage, and the
increase in vascular permeability. We therefore suggest
that VTA-induced antivascular activity would be
suppressed commonly by MT-stabilizing agents, and
importantly, by stabilizing the MTs (presented as an
increase of acetylated ·-tubulin), the opposite of VTA
activity, which destabilizes the MTs (presented as a
decrease of acetylated ·-tubulin). The two anti-MT agents
(TZT-1027, a MT-depolymerizing agent and DTX, a MT-
stabilizing agent) appeared to have antagonistic effects at
the level of the microtubule cytoskeleton.

Hydrogen peroxide has been suggested to activate the
p38 MAPK pathway, followed by HUVEC permeability
(32), but unexpectedly, TZT-1027 did not increase the
expression level of phosphorylated p38 MAPK as much as
the positive control, H2O2. Additionally the onset of
phosphorylation of p38 MAPK was delayed in comparison
with the increase in vascular permeability, which occurred
as early as 15 minutes after treatment with TZT-1027 (16).
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Figure 4. Inhibitory effect of MT-stabilizing agent, DTX, on TZT-1027-induced increase in vascular permeability on a HUVEC monolayer. Confluent
endothelial monolayers grown on boyden chambers were pretreated with DTX (10–7 g/mL) or vehicle including FITC-dextran for 30 minutes and then
treated with vehicle or TZT-1027 (10–7 g/mL) for 1 hour. Diffusion of FITC-dextran through the endothelial monolayer was determined by fluorescence
microscopy. Each bar represents the mean±SD of three independent experiments. ***p<0.001 (Parametric Tukey test).



Moreover, although the inhibition of p38 MAPK by
SB203580 suppressed CA4DP-induced membrane blebbing
in HUVEC, CA4DP itself rarely induced the
phosphorylation of p38 MAPK. Taken together, these data
indicated that involvement of the p38 MAPK pathway is
minimal in the antivascular activity of VTAs and that p38
MAPK inhibitors would exert their activity via another
mechanism. Additionally, like DTX the p38 MAPK
inhibitors also induced ·-tubulin acetylation. This novel

finding suggested the possibility that p38 MAPK inhibitors
would abolish the TZT-1027-induced antivascular activity
not only through the regulation of the p38 MAPK
pathway, but also through the direct stabilization of the
MT cytoskeleton.

TNF-·, which triggers MT disassembly and has
antivascular activity like TZT-1027, also induced an increase
in vascular permeability and a decrease in stable tubulin
content (35, 37, 38). In addition, inhibition of p38 MAPK
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Figure 5. Inhibitory effect of p38 MAPK inhibitors, SB220025 (A) and VX-745 (B) on TZT-1027-induced increase in vascular permeability on the
HUVEC monolayer. Confluent endothelial monolayers grown on boyden chambers were pretreated with SB220025 (10–7 g/mL), VX-745 (10–7 g/mL) or
vehicle including FITC-dextran for 30 minutes and then treated with vehicle or TZT-1027 (10–7 g/mL) for 1 hour. Diffusion of FITC-dextran through
the endothelial monolayer was determined by fluorescence microscopy. Each bar represents the mean±SD of three independent experiments. **p<0.01
***p<0.001 (Parametric Tukey test).



by SB203580 significantly attenuated TNF-·-induced MT
polymerization, actin rearrangement and endothelial barrier
dysfunction (35). Although these results strongly suggest the
involvement of MT rearrangement in TNF-·-induced
endothelial cell permeability via p38 MAPK activation, the
exact mechanism by which TNF-· triggers vascular barrier
dysfunction has not been precisely defined (35). However,
in this study, our novel findings suggested that as well as
DTX, the p38 MAPK inhibitors could play a major role in
antagonistic activity to TZT-1027 through the stabilization
of MTs. The antagonistic activity of p38 MAPK inhibitors
on CA4DP and TNF-· is also considered to be attributable
to stabilization of the MTs. Finally, we investigated whether
TZT-1027, DTX, or SB220025 affected the expression level
of HDAC6, since HDAC6 controls the deacetylation of ·-
tubulin and inhibition of HDAC6 by trichostatin A leading

to an increase in acetylated ·-tubulin (33, 39). Although
there were no changes in the expression level of HDAC6,
further examination to investigate the localization and
activation of HDAC6 would be necessary to clarify the
involvement of HDAC6 in antivascular activity. Moreover,
we believe that elucidating the mechanism of interaction
among MT dynamics, acetylation/deacetylation of ·-tubulin,
activation/inactivation of HDAC6 and the p38 MAPK
pathway will play an important role in the treatment of solid
tumors through antivascular activity.

In conclusion, the presented results suggest that TZT-
1027-induced antivascular activity was abolished by DTX
through the stabilization of microtubules, and by p38
MAPK inhibitors not only through the regulation of the p38
MAPK pathway, but also through the direct stabilization of
microtubules, similar to DTX.
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Figure 6. The impact of TZT, DTX, SB220025 and SB203580 on expression levels of phospho-p38 MAPK (A), acetyl ·-tubulin (B) and HDAC6 (C).
HUVEC were treated with TZT-1027 (10–7 g/mL), DTX (10–7 g/mL), SB220025 (30 ÌM), or SB203580 (30 ÌM). Expression levels were detected using
Western blot analysis, and the density of the band was scanned by an image scanner and quantified using the NIH image program. H2O2: Hydrogen
peroxide; TZT: TZT-1027; SB: SB220025.
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