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Abstract
We have previously shown that the anti-cancer agent 2-methoxyestradiol (2ME) induces
hyperpermeability across endothelial monolayers. Here, we show that both microtubule disruptor,
2ME, and microtubule stabilizer, paclitaxel (taxol), increase vascular lung permeability in vitro
and in vivo. Simultaneous application of 2ME and taxol alleviates 2ME-induced endothelial
barrier dysfunction, which is evident by the decreased Evans Blue Dye accumulation in lung tissue
and increased transendothelial resistance across monolayers. 2ME significantly increases the level
of p38 and MLC phosphorylation in both endothelial monolayers and murine lungs; this increase
is suppressed in the presence of taxol. Taxol treatment leads to an immediate and sustained
increase in tubulin acetylation in human pulmonary artery endothelial cells (HPAEC).
Surprisingly, 2ME treatment also increases tubulin acetylation; however, the on-set of this process
is delayed and co-insides with the stage of a partial barrier restoration in HPAEC monolayer.
Inhibition of histone deacetylase 6 (HDAC6) with tubacin increases tubulin acetylation level,
suppresses 2ME-induced HSP27 and MLC phosphorylation, and decreases 2ME-induced barrier
dysfunction, suggesting barrier-protective and/or barrier-restorative role for tubulin acetylation in
vascular endothelium.
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2-methoxyestradiol is a microtubule (MT)-disrupting agent shown to have antiproliferative
effects on various cancer lines in vitro, and anti-tumor and antiangiogenic effects in
preclinical models of cancer in vivo (Mueck and Seeger, 2010). Evaluation of 2ME in
clinical trials for the treatment of several cancers is presently in progress (Verenich and
Gerk, 2010). Paclitaxel (taxol) is a MT-stabilizing chemotherapeutic agent used for the
treatment of several malignancies (Baird et al., 2010; Bonomi, 2007; Sakamoto et al., 2009;
Saloustros et al., 2008). Although the effects of 2ME and taxol on MTs are seemingly
opposite, these drugs were shown to potentiate each other’s anti-proliferative and anti-tumor
effects in vitro and in vivo (Sweeney et al., 2001; Han et al., 2005; Ricker et al., 2004; Chen
et al., 2009). Interestingly, both MT-disrupting and MT-stabilizing drugs down-regulate the
level of proangiogenic hypoxia-inducible factor-1 (HIF-1), suggesting the importance of
functional microtubular network for signaling through HIF-1 (Escuin et al., 2005). These
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results provided a strong rationale for testing the combination of 2ME and taxanes in clinical
trials. The initial assessment of the combination therapy of 2ME with docetaxel (taxatere)
was undertaken; however, systemic exposure to 2ME remained below the expected
therapeutic range due to the low bio-availability of the current 2ME form (James et al.,
2007).

Although deemed comparatively safe (Briasoulis and Pavlidis, 2001; Mueck and Seeger,
2010), both 2ME and taxanes applications were noted to be associated with certain vascular
side effects. Severe hypersensitivity reactions characterized by flushing, chest discomfort,
respiratory distress and pulmonary edema were reported in response to taxol (Kris et al.,
1986; Weiss et al., 1990; Cormio et al., 1999; Price and Castells, 2002). Grades 3-4 dyspnea,
edema, and angioedema were reported in 2ME clinical trials (Dahut et al., 2006; Matei et al.,
2009; Rajkumar et al., 2007).

We have demonstrated recently that 2ME causes barrier dysfunction in the pulmonary
endothelial cell monolayer (Bogatcheva et al., 2007). This effect was found to be linked to
p38 activation and Rho kinase (ROCK)-dependent myosin light chain (MLC)
phosphorylation, induced by initial MT disruption. Stabilization of MTs with taxol
suppressed 2ME-induced endothelial hyperpermeability in vitro. The objective of the current
study was to determine whether taxol would be able to suppress 2ME-induced vascular
leakage in vivo and to delineate barrier-disruptive signaling pathways affected by taxol in
2ME-challenged pulmonary endothelium. Here, we analyzed the effect of taxol on 2ME-
induced p38 activation and MLC phosphorylation. We also assessed the role of MT
acetylation in the regulation of endothelial barrier.

Materials and Methods
Materials

2ME was purchased from Sigma (St. Louis, MO). Paclitaxel (taxol) and antiprotease
cocktail were purchased from Merck (Whitehouse Station, NJ). Tubacin was from Enzo Life
Sciences (Plymouth Meeting, PA). The antibody recognizing myosin light chains (MLC),
diphosphorylated MLC, p38, phosphorylated p38, and acetylated lysine were from Cell
Signaling (Beverly, MA). Antibodies against acetylated, polyglutamylated, and tyrosin-
tubulin, as well as beta-actin, were from Sigma. VE-cadherin antibody was from Cayman
Chemical (Ann Arbor, MI). Beta-tubulin antibody was from Covance (Princeton, New
Jersey). All reagents used for immunofluorescent staining were obtained from Invitrogen
(Carlsbad, CA).

Cell culture
HPAEC were purchased from Lonza (Walkerville, MD) and used at passages 5-7. They
were cultured in media containing 5% FBS and maintained at 37°C in a humidified
atmosphere of 5%CO2-95% air.

Measurement of transendothelial permeability
Transendothelial electrical resistance (TER) was measured using the highly sensitive
biophysical assay with an electrical cell-substrate impedance sensor (ECIS) (Applied
Biophysics, Troy, NY) as described previously (Bogatcheva et al., 2007). HPAEC were
grown to confluence on gold microelectrodes to the resistance of approximately 1,000
Ohms. Media were changed to basal media 1h prior the experiment.
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HPAEC imaging
For immunofluorescence experiments, HPAEC monolayers were plated on gelatin-covered
coverslips and grown to confluence. Media was changed to the basal media 1 hour prior the
experiment. Before immunostaining, cells were briefly washed with phosphate-buffered
saline (PBS) and fixed in PBS solution of 4% formaldehyde. After permeabilization with
0.25% Triton X-100 and blocking, cells were stained with VE-cadherin-specific antibodies,
and Alexa594-conjugated fluorescent secondary antibodies. After mounting in anti-fade
mounting media, the coverslips were viewed and photographed with Zeiss Axio Observer
video imaging system using Zeiss Axiovision software.

Animal experiments
19-23g male C57BL/6N mice were purchased from Charles River Laboratories
(Wilmington, MA) or Harlan (Indianapolis, IN). 2ME, taxol, or tubacin dissolved in DMSO/
propylenglycol mixture (1/24, v/v) was diluted 1.5 times with saline immediately prior to the
injection. All injections were administered to ketamine (150mg/kg of body weight)/
acetopromazine (15mg/kg)-anesthetized animals. 2ME, taxol, 2ME/taxol mixture, tubacin,
or 2ME/tubacin mixture were administered intravenously via the jugular vein in the final
volume not exceeding 60 μL. For wet/dry lung weight assessment, animals were terminated
without further manipulation. For Evans Blue Dye (EBD)-albumin extravasation
assessment, EBD-albumin conjugate (0.5% EBD in 4% BSA saline solution) was
administered in the tail vein (30mg/kg) 1 hour prior animal sacrifice. All animal studies
conformed to NIH guidelines. The experimental procedure was approved by the Georgia
Health Sciences University Institutional Animal Care and Use Committee.

Measurement of lung permeability
In anesthetized animal, the chest cavity was opened. For wet/dry lung weight assessment,
lungs were excised, blotted, weighed, and dried for 24h at 65°C. Weight was documented,
and lungs were allowed to dry for another 24h, after which the weight was assessed again to
assure the complete drying of the tissue. For EBD extravasation assessment, lungs were
washed from blood by injecting saline/EDTA via the right ventricle and collected for further
analysis. The right lung was used for protein analysis, and the left lung was homogenized in
formamide to extract EBD (18h, 60°C). The homogenate was spun for 30 min at 5000g; the
optical density of the supernatant was determined at 620nm and 750nm. The extravasated
EBD concentration was calculated using a standard curve and normalized to lung weight
(Moitra et al., 2007) .

Western immunoblotting
To obtain cell lysates, cells were grown in 12-well or 6-well plates; media was changed to
basal media 1h prior the experiment. After pretreatment and stimulation, cells were rinsed
with ice-cold PBS and lysed with PBS containing 1% SDS, antiprotease cocktail and 20mM
NaF. After freezing-thawing and aspiration through 25 g needle, samples were
supplemented with Western blot loading buffer and boiled.

To obtain lung extracts, dry-blotted lungs were snap-frozen in liquid nitrogen and stored at
−80°C until homogenization. The lungs were pulverized using Besson tissue pulverizer and
lysed with PBS containing 1% SDS, antiprotease cocktail and 20mM NaF. After freezing-
thawing in liquid nitrogen and sequential aspiration through 18g and 23g needles, protein
concentration was assessed with BCA kit (Pierce). Samples were equalized in protein,
supplemented with Western blot loading buffer and boiled.
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Protein extracts were separated on 4-20% gels and transferred to nitrocellulose membrane.
After staining with specific antibodies, membranes were developed and scanned using
Kodak MI imaging system.

Statistical analysis was performed on the data pooled from parallel experiments using one-
way ANOVA test; results with p<0.05 were considered significantly different.

Results
Effect of 2ME, taxol, and their combination on endothelial permeability

In a previous study (Bogatcheva et al., 2007), we showed that application of taxol alleviated
2ME-induced barrier dysfunction in HPAEC monolayers. Here, we determine how taxol
affects 2ME-induced vascular leakage in murine lung tissue. To detect changes in
pulmonary vascular permeability, we assessed the process of EBD permeation from vascular
lumen to the pulmonary interstitium. Intravenous administration of 10 mg/kg 2ME increased
accumulation of EBD and water in the lung 3h post-injection, confirming the loss of barrier
function in pulmonary endothelium (Fig 1A, B). Intravenous administration of 0.8 mg/kg
taxol also resulted in marked increase in EBD accumulation (Fig 1A); increase in water
accumulation did not reach significant level (Fig 1B). Lower concentration of taxol (0.4 mg/
kg) did not induce permeability in lung (Fig 1C). Whereas 2ME effect on lung permeability
was clearly seen 24h post-administration (Fig 1D), the effect of 0.8 mg/kg taxol was more
transient in nature (Fig 1A, D). Importantly, simultaneous administration of 0.8 mg/kg, but
not 0.4mg/kg, taxol suppressed 2ME-induced EBD accumulation in lung 3h post-
administration (Fig 1A, C), suggesting counteraction of taxol and 2ME effects on vascular
leakage. The alleviating effect of 0.8 mg/kg taxol on 2ME-induced murine vascular leakage
was no longer seen 24h post-administration, concomitant with the negligible effect of taxol
on barrier permeability seen at this time point (Fig 1D).

In vitro application of taxol concentration roughly equivalent to 0.8 mg/kg resulted in a
decrease in transendothelial resistance of HPAEC monolayers; however, this decrease was
considerably lower than the decrease caused by 2ME (Fig 2A). We failed to detect
significant changes in the junctional organization of taxol-treated monolayers (Fig 2B); in
contrast, 2ME-treated monolayers manifested re-organization of junctional VE-cadherin and
marked gap formation. Pretreatment of HPAEC monolayers with taxol suppressed 2ME-
induced decrease in TER and gap formation (Fig 2A, B).

Phosphorylation of p38 and MLC in 2ME-, taxol-, and 2ME/taxol combination-treated
endothelium

We have shown earlier that activation of p38-dependent and ROCK-dependent pathways
plays a significant role in 2ME-induced hyperpermebaility of HPAEC monolayers. We have
also shown that MLC phosphorylation in 2ME-treated cells occurs via ROCK-dependent but
MLC kinase-independent mechanism (Bogatcheva et al., 2007). Here, we demonstrate that
in human pulmonary endothelium, activation of p38/HSP27 and ROCK/MLC cascades in
response to 2ME can be significantly suppressed by taxol pretreatment (Fig. 2C). In order to
determine whether activation of p38/HSP27 and ROCK/MLC cascades takes part in the
response of murine pulmonary tissue to 2ME, we analyzed lung extracts of mice subjected
to 2ME injections. We found that pulmonary tissues of 2ME-treated animals manifest
significant increases in p38 and MLC phosphorylation with no appreciable changes to the
p38 or MLC protein level (Fig 3A, B). Whereas taxol application did not increase phospho-
p38 or diphospho-MLC content, taxol co-administration with 2ME suppressed the 2ME-
induced increase in p38 and MLC phosphorylation, evident of counteraction of 2ME-
induced signaling pathways by taxol.
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We next analyzed whether pharmacological inhibition of p38 or ROCK pathway would
attenuate the alleviating effect of taxol on 2ME-induced permeability. When applied after
2ME, taxol facilitates the restoration of transendothelial resistance which follows an initial
loss of endothelial barrier (Fig 4A). In Y-27632-pretreated cells, taxol-induced alleviation is
less marked and is observed during a shorter period of time (Fig 4B). In cells pretreated with
both Y-27632 and SB 203580, the alleviating effect of taxol is significantly suppressed (Fig
4C).

Effect of taxol and 2ME on tubulin acetylation
To determine the relationship between microtubule rearrangement and tubulin
posttranslational modification, we analyzed the effects of taxol and 2ME on tubulin state in
endothelium. Taxol is known to stabilize MTs, whereas stable MTs are known to become
acetylated (Hammond et al., 2008). How acetylation affects MT stability remains a
controversial subject (Palazzo et al., 2003). Thus, the important question to answer is
whether tubulin acetylation is involved in the regulation of barrier function. We analyzed
acetyl-tubulin content in HPAEC monolayers (Fig 5A) and lungs (Fig. 5B) and found that
taxol significantly increases tubulin acetylation. The increase in acetylation was not reversed
by 2ME-mediated MT destabilization in HPAEC monolayers or murine pulmonary tissue.
Surprisingly, analysis of the tubulin acetylation state in 2ME-treated cells revealed that 2ME
does not decrease tubulin acetylation level. On the contrary, long exposures to 2ME
increased tubulin acetylation, which was not accompanied by alterations of other tubulin
posttranslational modifications such as detyrosinilation and polyglutamylation (Fig 5D).
Time course comparison of the tubulin acetylation versus 2ME-induced changes in TER
revealed that an increase in tubulin acetylation corresponds to the partial recovery of the
barrier function after 2ME-induced barrier dysfunction (Fig 5C). These data did not
contradict the hypothesis that tubulin acetylation may play positive role in the stabilization
of MTs and thereby the endothelial barrier, and prompted further investigation into the
subject.

Effect of HDAC6 inhibitor on 2ME-induced endothelial hyperpermeability
To analyze the role of tubulin acetylation in barrier regulation, we inhibited the enzyme
involved in tubulin deacetylation, histone deacetylase (HDAC). The small molecule
inhibitor, tubacin, was recently shown to be specific to HDAC6 and to inhibit predominantly
the tubulin deacetylation process (Haggarty et al., 2003). Using antibodies specific for
acetylated tubulin and acetylated lysine, we next demonstrated that tubacin treatment
increased the acetylation level of tubulin (55kDa) with little or no effect on the acetylation
level of another major protein substrate (~47-48kDa) (Fig 6A). Taxol treatment also induced
specific tubulin acetylation, but required shorter incubation times for the substantial increase
to occur (Fig 6A, B).

1h pretreatment of HPAEC monolayers with tubacin increased the basal level of tubulin
acetylation and potentiated 2ME-induced increase in the tubulin acetylation level (Fig 7A).
Analysis of the phosphorylation level of HSP27 and MLC revealed that tubacin pretreatment
significantly suppressed the 2ME-induced increase in the phospho-HSP27 and diphospho-
MLC level. Accordingly, tubacin reduced 2ME-induced decrease in TER (Fig 7B) and
2ME-induced lung vascular hyperpermeability (Fig 7C), suggesting that an increase in
tubulin acetylation can alleviate barrier dysfunction induced by MT-disrupting agents.

Discussion
Taxol and 2ME are low toxicity anti-cancer agents already in use or currently undergoing
testing for the treatment of several malignancies (Briasoulis and Pavlidis, 2001; Mueck and

Gorshkov et al. Page 5

Vascul Pharmacol. Author manuscript; available in PMC 2013 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Seeger, 2010). Mechanistically, they exert their anti-cancer actions primarily through
affecting disassembly (taxol) or assembly (2ME) of MTs, consequently resulting in mitotic
arrest and cell death. However, involvement of MT dynamics in cells functions other than
cell division provide a molecular basis for the multifaceted effects of MT-affecting drugs. In
endothelium, MT disruption was known to activate cell contraction and induce endothelial
hyperpermeability (Birukova et al., 2004b). To the contrary, MT stabilization was thought to
serve as a barrier-preserving mechanism, based on the facts that taxol pretreatment
alleviated endotoxin-induced lung injury (Mirzapoiazova et al., 2007), and suppressed
thrombin-, TNF-, and TGF-induced endothelial permeability (Petrache et al., 2003;
Birukova et al., 2004a; Birukova et al., 2005). However, multiple reports of taxol-induced
pulmonary toxicity implied opposite, barrier-destabilizing, effects of taxol (Kris et al., 1986;
Weiss et al., 1990; Cormio et al., 1999; Price and Castells, 2002). Assuming that
mechanisms of taxol-induced endothelial permeability are dramatically different from the
mechanisms employed by the majority of edemagenic agents, it is conceivable to expect that
when applied simultaneously, taxol is able to counteract barrier disruption induced by LPS,
TNF, TGF and thrombin.

The present study revealed that both 2ME and taxol applications induced leakage in murine
pulmonary vasculature and increased permeability across human pulmonary endothelial
monolayer. In our experiments, murine lung endothelium seemed to be more susceptible to
taxol-induced barrier dysfunction than human pulmonary artery endothelium. Importantly,
in both experimental systems simultaneous application of 2ME and taxol resulted in the
reduction of vascular leakage, rather than potentiation of permeability. This was consistent
with the taxol-mediated suppression of p38 and ROCK/MLC cascades, induced by 2ME.
These cascades control the contractile state of endothelium, thereby regulating the integrity
of endothelium and its barrier properties (Bogatcheva and Verin, 2008). In HPAEC
monolayers, where p38 and ROCK/MLC cascades were pharmacologically inhibited, taxol-
mediated alleviation of 2ME-induced barrier dysfunction was significantly suppressed,
suggesting that p38 and ROCK are key signaling enzymes differentially regulated by 2ME
and taxol.

Our data demonstrate that simultaneous application of 2ME with taxol can alleviate 2ME-
induced barrier dysfunction. Together with the data of literature showing a synergistic anti-
cancer action of taxol and 2ME (Sweeney et al., 2001; Han et al., 2005; Ricker et al., 2004;
Chen et al., 2009), our data continue to characterize the potential effects of taxol/2ME
combinatory application and to provide a novel insight into the potential use of MT-
affecting drug therapies.

From the mechanistic point of view, MT dynamics are seen as a pivotal module of the
complex signaling network that regulates barrier function (Bogatcheva and Verin, 2008; Lee
and Gotlieb, 2003). The process of MT acetylation, reflective of MT stability (Hammond et
al., 2008), was long implied to be involved in barrier regulation (Birukova et al., 2004a;
Petrache et al., 2003); however, only now, with the development of the specific HDAC6
inhibitors, the role of MT acetylation is starting to be addressed. A recent study
demonstrated that an increase in MT acetylation is associated with the alleviation of
thrombin-induced barrier dysfunction and the suppression of MLC phosphorylation (Saito et
al., 2011). Therefore, taxol-induced counteraction of 2ME effects can be achieved, among
other mechanisms, via an increase in MT acetylation occurred after MT stabilization.
Assessment of the effect of HDAC6 inhibitor on 2ME-induced barrier dysfunction let us
suggest that MT acetylation is likely to contribute to the barrier-protective mechanisms
evoked by taxol. Consistent with the previous report (Saito et al., 2011), we have shown that
increased MT acetylation is concomitant with the suppression of barrier-disruptive
pathways, namely MLC and HSP27 phosphorylation.
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Surprisingly, endothelial cells treated with 2ME displayed a late-phase increase in MT
acetylation. As MT deacetylation in response to 2ME was noted in cancer cells in vitro and
in vivo (Gokmen-Polar et al., 2005; Kang et al., 2006; Kirches and Warich-Kirches, 2009),
one will have to assume that endothelial cell MT dynamics are considerably different from
the MT dynamics in cancer cells. Importantly, in our study an increase in the MT acetylation
level coincided with a partial recovery of the endothelial barrier from 2ME-induced
dysfunction, further suggesting that MT acetylation is a barrier-protective or barrier-
restorative event.

In conclusion, our findings indicate that application of taxol attenuates 2ME-induced
permeability in vitro and in vivo via the suppression of ROCK/MLC and p38 pathways and
enhancement of MT acetylation. Our results warrant further investigation of the combined
effects of 2ME/taxol or 2ME/HDAC6 inhibitor to ensure the possibility of the safer anti-
cancer therapies.
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2ME 2-methoxyestradiol

EBD Evans Blue Dye

HDAC6 histone deacetylase 6

HPAEC human pulmonary endothelial cells

MLC myosin light chains

MT microtubules

ROCK Rho kinase

TER transendothelial electrical resistance

VE-cadherin vascular endothelium cadherin
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Figure 1.
Effect of 2ME, taxol, and their co-administration on murine pulmonary permeability. (A, B)
Mice subjected to intravenous administration of vehicle control, 10 mg/kg 2ME, 0.8 mg/kg
taxol, and simultaneous administration of 2ME and taxol for 3h were analyzed for EBD-
albumin (A) or water (B) accumulation in the lung tissue. C) Mice subjected to intravenous
administration of vehicle control, 10 mg/kg 2ME, 0.4 mg/kg taxol, and simultaneous
administration of 2ME and taxol for 3h were analyzed for EBD-albumin accumulation in the
lung tissue. D) Mice subjected to intravenous administration of vehicle control, 10 mg/kg
2ME, 0.8 mg/kg taxol, and simultaneous administration of 2ME and taxol for 24h were
analyzed for EBD-albumin accumulation in the lung tissue. Shown are mean±SEM, number
of animals is indicated on the figure. *p<0.05 are considered significantly different.
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Figure 2.
Effect of 2ME, taxol, and their co-administration on HPAEC. A-B) HPAEC monolayers
grown on gold microelectrodes (A) or glass coverslips (B) were pretreated with vehicle
control or 10 μM taxol for 30 min, and then challenged with vehicle control or 20 μM 2ME
for 15 min. (A) TER was normalized to the point preceding taxol addition. Shown are mean
±SEM, number of monolayers is indicated on the figure. *p<0.05 are considered
significantly different. (B) Immunofluorescent staining with anti-VE-cadherin antibody;
gaps in monolayer are indicated with arrows. C) HPAEC monolayers pretreated with vehicle
control or 10 μM taxol for 30 min were challenged with 20 μM 2ME for 20min, extracted
and analyzed with anti-phospho-p38, anti-phospho-HSP27, anti-diphosphoMLC antibodies.
p38 staining was used as loading control.
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Figure 3.
Effect of 2ME, taxol, and their co-administration on p38 and MLC phosphorylation in
murine lung. Lungs of mice subjected to intravenous administration of vehicle control, 10
mg/kg 2ME, 0.8 mg/kg taxol, and simultaneous administration of 2ME and taxol for 3h
were extracted and analyzed with phospho-p38 and p38 antibodies (A) or diphospho-MLC
and MLC antibodies (B). Normalized phospho-p38 and diphospho-MLC intensities were
expressed as fold of control. Shown are mean±SEM, *p<0.05 are considered significantly
different.
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Figure 4.
Effect of ROCK and p38 inhibition on taxol-mediated alleviation of 2ME-induced
endothelial barrier dysfunction. HPAEC monolayers grown on gold microelectrodes were
pretreated with vehicle control (A), 3 μM Y-27632 (B), or 3 μM Y-27632 and 10 μM SB
203580 (C), and challenged with 10 μM 2ME. 5 μM taxol was applied at the time point
indicated by arrow. Shown are mean±SEM (n=3), *p<0.05 are considered significantly
different.
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Figure 5.
Effect of 2ME, taxol, and their co-administration on tubulin acetylation. A) HPAEC
monolayers pretreated with vehicle control or 10 μM taxol for 30 min, and then challenged
with vehicle control or 20 μM 2ME for 20 min were extracted and analyzed by Western blot
with anti-acetyl-tubulin and anti-beta-tubulin antibodies. B) Lungs of mice subjected to
intravenous administration of vehicle control, 10 mg/kg 2ME, 0.8 mg/kg taxol, and
simultaneous administration of 2ME and taxol for 3h were extracted and analyzed with anti-
acetyl-tubulin and anti-beta-tubulin antibodies. C) HPAEC monolayers grown on gold
microelectrodes were challenged with vehicle control (circles) or 20 μM 2ME (squares) for
the time indicated. TER was normalized to the point preceding 2ME addition; shown are
mean±SEM (n=3). D) HPAEC monolayers challenged with vehicle control or 20 μM 2ME
for the time indicated were extracted and analyzed with anti-acetyl-tubulin, anti-
polyglutamylated tubulin, anti-tyrosinilated tubulin and anti-beta-actin antibodies.
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Figure 6.
Effect of tubacin and taxol on tubulin acetylation. HPAEC monolayers treated with 5 μM
tubacin or 10 μM taxol for the time indicated were extracted and analyzed by Western blot
with anti-acetyl-tubulin and anti-acetylated lysine antibodies (A). Beta-tubulin staining was
used as a loading control. B) Normalized aceto-tubulin intensities (black columns, tubacin;
grey columns, taxol) were expressed as fold of control. Shown are mean±SEM, *p<0.05 are
considered significantly different.
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Figure 7.
Tubacin pretreatment suppresses 2ME-induced phosphorylation of HSP27 and MLC and
alleviates 2ME-induced barrier dysfunction. A) HPAEC monolayers pretreated with vehicle
control or 5μM tubacin for 1h, and then challenged with vehicle control (0 min) or 20 μM
2ME for the time indicated were extracted and analyzed by Western blot with anti-acetyl-
tubulin, anti-beta-tubulin, anti-phospho-HSP27, anti-HSP27, and anti-diphospho-MLC
antibodies. B) HPAEC monolayers grown on gold microelectrodes were pretreated with
tubacin or vehicle control for 1h, then challenged with 20 μM 2ME for 15min (black
columns) or 60 min (grey columns). TER decrease was presented as fold of control (2ME-
induced TER decrease in the absence of tubacin). Shown are mean±SEM (n=3). C) Mice
subjected to intravenous administration of vehicle control, 15 mg/kg 2ME, 0.3 mg/kg
tubacin, and simultaneous administration of 2ME and tubacin for 3h were analyzed for
EBD-albumin accumulation in the lung tissue. Shown are mean±SEM, number of animals is
indicated on the figure. *p<0.05 are considered significantly different.
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