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ABT-751, a novel tubulin-binding agent, decreases tumor
perfusion and disrupts tumor vasculature
Yanping Luo, Vincent P. Hradil, David J. Frost, Saul H. Rosenberg,
Gary B. Gordon, Sherry J. Morgan, Gerard D. Gagne, Bryan F. Cox,
Stephen K. Tahir and Gerard B. Fox

ABT-751 is an orally bioavailable tubulin-binding agent

that is currently under clinical development for cancer

treatment. In preclinical studies, ABT-751 showed

antitumor activity against a broad spectrum of tumor lines

including those resistant to conventional chemotherapies.

In this study, we investigated the antivascular properties of

ABT-751 in a rat subcutaneous tumor model using dynamic

contrast-enhanced magnetic resonance imaging. A single

dose of ABT-751 (30 mg/kg, intravenously) induced a

rapid, transient reduction in tumor perfusion. After 1 h,

tumor perfusion decreased by 57% before recovering to

near pretreatment levels within 6 h. In contrast, ABT-751

produced little change in muscle perfusion at either time

point. To further elucidate mechanisms of drug action at

the cellular level, we examined the effects of ABT-751

on endothelial cells using an in-vitro assay. ABT-751, at

concentrations corresponding to plasma levels achieved

in vivo, caused endothelial cell retraction and significant

loss of microtubules within 1 h. The severity of these

morphological changes was dose-dependent but

reversible within 6 h after the discontinuation of the drug.

Taken together, these results show that ABT-751

is a tubulin-binding agent with antivascular properties.

Microtubule disruption and morphological changes

in vascular endothelial cells may be responsible,

at least in part, for the dysfunction of tumor blood

vessels after ABT-751 treatment. Anti-Cancer Drugs
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Introduction
Solid tumors are dependent on blood vessels to provide

oxygen and nutrients for growth. Consequently, several

different cancer therapy strategies targeting the tumor

vasculature have been developed in recent years. These

include prevention of new blood vessel formation through

inhibition of endothelial cell proliferation, interrupting

angiogenic pathways [1–5], or disrupting the integrity

and functionality of existing tumor vasculature (or so-

called vascular-disrupting agents, VDAs) [6–10]. Tubulin-

binding agents target dividing cells by interfering with

the dynamics of tubulin, an essential protein component

of microtubules. As tumor blood vessels have abundant

replicating endothelial cells [11,12], this class of agents

has the potential to cause significant vascular damage in

tumors and thus produce vascular-mediated cell death.

In this regard, tubulin-binding agents, such as vinca

alkaloids and colchicines, have shown activities to cause

tumor blood flow shutdown leading to tumor necrosis, yet

only at doses approaching the maximum tolerable dose

(MTD) [13,14]. Novel tubulin-binding agents, such as

combretastatin A-4 (zybrestat), ZD6126, and AVE8062,

exhibit similar effects at doses much lower than the

MTD [9,15–20], thereby offering potential for an

improved therapeutic window for vascular-mediated

therapeutic efficacy.

ABT-751 (formerly known as E7010; Eisai Co. Ltd.,

Tokyo, Japan) is a novel, orally bioavailable antimitotic

agent that binds to the colchicine site on b-tubulin and

inhibits microtubule formation [21]. This interference

with normal microtubule dynamics leads to cell cycle

arrest and cell death by apoptosis. In preclincal studies,

ABT-751 has shown potent antitumor activity against

a broad spectrum of murine tumors and human xenografts

including colon, lung, breast, and gastric cancers [22,23].

ABT-751 is also active against a number of tumors that

are resistant to vincristine or paclitaxel because of the

overexpression of P-glycoprotein [21,22,24]. Furthermore,

in phase 1 clinical trials, ABT-751 shows excellent

oral bioavailability and achieves concentrations shown to

be efficacious in preclinical models at tolerable doses

[25–27].

The cytotoxic antitumor activities of ABT-751 are well

characterized [21–23,28,29]. However, the dynamics of
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potential antivascular effects of this drug have not been

explored extensively [30,31]. In the current studies, we

used dynamic contrast-enhanced magnetic resonance

imaging (DCE-MRI) to characterize the time-dependent

in-vivo vascular response of ABT-751 in a rat subcuta-

neous tumor model. DCE-MRI is a noninvasive method

that provides quantitative endpoint measurements of

vascular function by measuring the uptake of intrave-

nously administered contrast agent, allowing longitudinal

assessment of blood vessel function [32–37]. The method

offers a translational imaging tool that has been adopted

in both preclinical and clinical studies to assess treatment

response of antivascular agents [34–36,38]. To better

understand the potential mechanisms underlying in-vivo

DCE-MRI changes observed after treatment, the direct

effects of ABT-751 on endothelial cells in vitro were

investigated using a treatment protocol mimicking

exposures in DCE-MRI in-vivo experiments.

Materials and methods
Animal care

Adult female Fisher 334 rats (150–160 g) were purchased

from Charles River Laboratories (Kingston, New York,

USA) and maintained in a temperature-controlled room

on standard sterile wood chip bedding in a quiet room

under conditions of 12 h lights on/12 h lights off (lights on

at 06 : 00). Food and water were available ad libitum.

Experimental protocols for all studies were approved and

closely monitored by the Abbott Institutional Animal

Care and Use Committee, adhering to the National

Institutes of Health Guide for Care and Use of

Laboratory Animals guidelines in facilities accredited by

the Association for the Assessment and Accreditation of

Laboratory Animal Care.

Tumor inoculation, animal preparation, and treatment

Rat 9L glioma cells were kindly provided by Dr Michael

Garwood (University of Minnesota, Minnesota, USA).

Cells were cultured in GIBCO Dulbecco’s Modified

Eagle Medium (Invitrogen Corp., Carlsbad, California,

USA) containing 10% fetal calf serum, 1% L-glutamine.

When grown to confluence, cells were harvested and

suspended in PBS at a concentration of 3 � 107 cells/ml.

Under halothane anesthesia (4% induction, 1% main-

tenance), rats were injected with a 0.1 ml cell suspension

subcutaneously into the left, upper medial, hind limb.

MRI experiments were performed approximately 2 weeks

after inoculation, when tumors had reached a volume of

1.0–2.0 cm3. Rats were then randomly selected to receive

ABT-751 or vehicle treatment.

Drugs

ABT-751, N-[2-[(4-hydroxyphenyl)amino]-3-pyridinyl]-4-

methoxybenzenesulfonamide, was synthesized at Abbott

laboratories (Abbott Park, Illinois, USA). The compound

was dissolved in 50% D5W and 50% PEG200 (Sigma-

Aldrich, St. Louis, Missouri, USA) and administered

intravenously through a programmed infusion pump at

a dose of 30 mg/kg (equivalent to an oral dose of

200–250 mg/kg in patients based on area under the curve

(AUC) [26]) over a 15-min period. Blood samples were

collected from six rats, 1 h after ABT-751 administration,

to measure plasma drug levels.

Vascular effects of ABT-751 assessed by dynamic

contrast-enhanced magnetic resonance imaging

Two studies were conducted to evaluate the treatment

effects of ABT-751 on tissue perfusion. The first study

(study I) focused on the acute vascular responses to

ABT-751 with DCE-MRI measured before and 1 h after

ABT-751 administration. A second study (study II) was

conducted to monitor the dynamics of the vascular

response by adding an additional time point at 6 h after

ABT-751 administration. A pilot study was conducted

before these studies to assess whether the first

DCE-MRI measurement would affect the second

DCE-MRI measurement when they are conducted at

a 1-h interval. Experimental design encompassing all

studies is detailed in Table 1.

Before MRI experiments, rats were anesthetized with

a mixture of 90 mg/kg ketamine (Fort Dodge Animal

Health, Fort Dodge, Iowa, USA) and 10 mg/kg xylazine

(Phoenix Pharmaceuticals, St. Joseph, Missouri, USA).

The tail vein and femoral vein were catheterized

for contrast agent and compound administration,

respectively. To evaluate animal physiological status

during MRI experiments, mean arterial pressure (MAP)

and heart rate (HR) were monitored in a subset of

animals (N = 8/group) through a femoral artery catheter.

All MRI experiments were conducted on a 4.7-T/40 cm

magnet (Varian Inc., Palo Alto, California, USA) with a

12-cm bore gradient insert operated by a Varian INOVA

imaging console (Varian Inc., Palo Alto, California, USA).

After preloading contrast agent and compound solution

into the catheters, rats were placed in the supine

position, with hind limbs in the center of a 6-cm

quadrature volume coil. Body temperature was main-

tained at 371C throughout the experiment using a

blanket heated with circulating warm water. DCE-MRI

was performed over a 3-mm-thick cross section of the

hind limbs. A capillary phantom was used to delineate

Table 1 Study designs of DCE-MRI experiments

Treatment
Time points
of DCE-MRI

Number of
animals/group

Pilot study None 0 and 1 h 7
Study I Vehicle or

ABT-751
Before and 1 h

after dosing
8

Study II Vehicle or
ABT-751

Before and 1 and
6 h after dosing

8

DCE-MRI, dynamic contrast-enhanced magnetic resonance imaging.
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the imaging slice to insure that MR images acquired at

different time points were from the same tissue region.

Animals were allowed to recover from anesthesia with

free access to food and water after MRI measurements

at the 1 h time point. At 6 h post-treatment, rats were

anesthetized again and prepared with a tail vein catheter

for contrast agent delivery. DCE-MRI was performed over

the same tissue region that was imaged earlier.

DCE-MRI was conducted using a T1-weighted gradient

echo-imaging sequence. In each DCE-MRI measurement,

a total of 20 baseline images were collected before a bolus

injection of the contrast agent, gadolinium diethylenetri-

aminepentaacetic acid (Gd-DTPA; 0.2 mmol/kg, intra-

venously; Bayer HealthCare Pharmaceuticals, Wayne,

New Jersey, USA). Data acquisition was continued for

4 min with a time resolution of 2 s per image to monitor

tissue uptake of the contrast agent. Imaging parameters

were: repetition time/echo time = 30 ms/2 ms, field of view

6.4 � 6.4 cm2, imaging matrix 128 � 64.

Data analysis

On the basis of tracer kinetics, the initial uptake of

contrast agent Gd-DTPA is flow-dependent, as tissue

capillaries are highly permeable to Gd-DTPA [37]. It has

been shown in myocardium, skeletal muscles, and tumors

that the initial maximum slope (SM) of the contrast

enhancement curve measured by DCE-MRI correlated

well with tissue blood flow, and thus can be used as a

surrogate index for tissue perfusion [39–41]. Another

commonly used parametric measure of initial tracer

uptake is the initial AUC (IAUC), which has been

adopted widely for preclinical and clinical evaluation of

antivascular effect of VDAs, such as combretastatin A-4

and ZD6126 [33,35,38]. In this study, we used both

indices, SM and IAUC over the first 30 s after contrast

agent injection, illustrated in Fig. 1b as surrogate

evaluation of tissue perfusion.

Before imaging analysis was performed, dynamic contrast

enhancement curves from each pixel were fitted with a

multivariate function with three exponential terms to

minimize noise contribution (solid lines in Fig. 1b–d)

[40]. Both SM and IAUC were calculated on a pixel-

by-pixel basis, and then averaged over manually outlined

regions of interest: muscles of two hind limbs and tumor

tissue (Fig. 1a). To reduce interanimal variation, SM and

IAUC were normalized using SM and IAUC of the

nontumor-bearing limb muscle as internal references

(calculated as a ratio of SM of the region of interest over

the SM of muscle). Post-treatment-to-pretreatment ratio

of these normalized indices were calculated to reflect the

treatment-induced changes and presented as group

mean ± SEM. Statistical comparisons between different

time points and between different treatment groups were

performed using two-tailed Student’s t-tests.

Fig. 1
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Representative dynamic contrast-enhanced magnetic resonance imaging
data collected from a rat treated with ABT-751 (30mg/kg).
(a) A T1-weighted gradient echo image from a cross-section of rat’s hind
limbs and a subcutaneous tumor at 50 s after contrast agent injection.
Regions of interest were manually outlined over muscles of each hind limb
and tumor. Muscle from nontumor-bearing limb was used as internal
reference tissue. Three voxels are indicated to represent data from V1,
muscle; V2, tumor rim; and V3, tumor center. Representative signal
enhancement curves and the fitted ones (solid lines) from regions V1, V2,
and V3 acquired (b) before treatment, (c) 1 h, and (d) 6 h after treatment are
illustrated. The analysis of the signal enhancement curves is illustrated in
(b), where SM is the maximum slope of the curve and IAUC30 is the initial
area under the curve over the first 30 s after contrast injection. Time
resolution for imaging acquisition is 2 s/image.
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Tumor histology

After DCE-MRI at 1 h post-treatment in study I and at

6 h post-treatment in study II, tumors were excised,

immersion-fixed in 10% formalin, and embedded in

paraffin. From each tumor, five tissue sections of 5-mm

thickness were prepared from the same tissue regions at

which DCE-MRI data were acquired. These histological

sections were then stained with hematoxylin and eosin

for quantitative morphometric evaluation of tumor

necrosis: three slides were selected for analysis based

on the quality of staining. Images of whole sections were

taken using a SPOT-RT digital camera (Diagnostic

Instruments, Sterling Heights, Michigan, USA) mounted

on a Leica MZ FLIII (Leica, Deerfield, Illinois,

USA) stereomicroscope. Metamorph imaging software

(Universal Imaging, Downington, Pennsylvania, USA) was

used for image acquisition and processing. For each

section, total tumor area (necrotic + non-necrotic area)

and necrotic tumor area were detected by color thres-

holding and separately measured using a macro deve-

loped with the Metamorph software (Universal Imaging).

Results are expressed as tumor necrotic area fraction

(NAF; area of necrosis divided by the total tumor area).

In-vitro effects on endothelial cell morphology

Human dermal microvascular endothelial cells were

obtained from Cambrex Bio Science Walkersville (Walk-

ersville, Maryland, USA) and maintained in EGM-2

MV (Cambrex Bio Science Walkersville) containing 5%

fetal bovine serum in a humidified chamber at 371C

Fig. 2

SM

Tumor

Muscle

15

(a)

(b)

10

5

0
0.0

N
um

be
r o

f v
ox

el
s

0.2

Muscle Tumor

0.1 0.3 0.4 0.5 0.0 0.20.1 0.3 0.4 0.5

15

10

5

0

Example maximum slope (SM) map overlaying with an anatomical MR image from a rat before treatment (a) and the corresponding color-matched
histograms of SM in tumor and muscle (b). The distribution of SM within the tumor is highly heterogeneous, with higher values at the tumor rim and
lower values toward the tumor center. In contrast, SM in muscle tissue from hind limb is relatively homogeneous.

486 Anti-Cancer Drugs 2009, Vol 20 No 6



containing 5% CO2. Cells were plated in eight chamber

slides at 2 � 104 cells/well and allowed to attach

overnight. Cells were then treated with 0.3, 1, 3, or

10 mmol/l ABT-751 for 1 h on the next day with the

vehicle used as control. Changes in endothelial cell shape

were examined using nonconfluent, proliferating, human

dermal microvascular endothelial cells to mimic the

immature vasculature of tumor vessels. After treatment,

one set of cells was fixed with 10% phosphate-buffered

formalin for 10 min and another set of cells was washed

with PBS twice after the 1 h treatment, allowed to

recover for 5 h in fresh medium, and then fixed in

formalin. Fixed cells were washed once with PBS and

stained for microtubules and microfilaments with fluor-

escein isothiocyanate-conjugated mouse antitubulin

IgG (Sigma, St. Louis, Missouri, USA) and Alex Fluor

546-conjugated phalloidin (Molecular Probes, Eugene,

Oregon, USA), respectively, as described earlier [42].

Cells were imaged with a Bio-Rad MRC-1000 Confocal

Imaging System attached to an inverted Nikon micro-

scope (Bio-Rad Laboratories, Hercules, California, USA)

fitted with epifluorescence optics and using a 60 �
objective (numerical aperture = 1.4).

Results
Pilot study

In seven tumor-bearing rats, SMs or IAUCs obtained from

two consecutive DCE-MRI conducted at a 1-h interval

were not statistically significant. The average percentage

change of SM was – 3 ± 14% (P = 0.94) and – 12 ± 10%

(P = 0.08) in muscle and tumor, respectively, whereas the

percentage change in IAUC was – 1 ± 9% (P = 0.32) and

0 ± 10% (P = 0.16) in muscle and tumor, respectively.

Thus, the clearance of the contrast agent was adequate

within 1 h such that the first injection had little effect on

the subsequent measurements of SM or IAUC.

Study I, II: effects of ABT-751 on maximum slope and

initial area under the curve

Gross evaluation of DCE-MRI data revealed, in general,

that faster signal increases and higher signal enhance-

ment were observed in tumor tissue compared with

muscle (Fig. 1b). The average SM and IAUC in tumors

were 2.6 ± 0.2 and 2.2 ± 0.1 times of those observed in

muscle, respectively. The distribution of SM and IAUC

within tumors was highly heterogeneous, with higher

values observed at the tumor rim and lower values at

the tumor center (Fig. 2). In contrast, SM and IAUC in

muscle tissue were relatively homogeneous.

Representative signal enhancement curves acquired at 1

and 6 h post-ABT-751 administration are shown in Fig. 1c

and d. Group average of treatment-induced changes in SM

and IAUC are presented using posttreatment-to-pretreat-

ment ratios (Fig. 3). Results at the 1 h time point from

study I and II were consistent with each other confirming

the reproducibility of the vascular effects produced by

ABT-751. On account of the consistent findings from

the two studies, group means at the 1-h time point were

combined and used to describe the overall results.

A single dose of ABT-751 at 30 mg/kg profoundly affected

tumor vessel function, causing significant reduction in

SM and IAUC in tumors. One hour after compound

administration, SM and IAUC in tumors decreased to

43 ± 5% (P = 0.00001) and 54 ± 4% (P = 0.00001) of

the pretreatment values, respectively, whereas in the

vehicle-treated rats, tumor SM and IAUC were 100 ± 9

and 105 ± 6% of the pretreatment values, respectively.

Fig. 3
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Vascular effect of a single dose ABT-751 (30 mg/kg) on normal muscle
and tumor at 1 and 6 h after treatment as assessed by perfusion
indices: (a) maximum slope (SM), *P < 0.01 versus vehicle,
**P < 0.0003 versus vehicle, wP < 0.00001 versus vehicle; and
(b) initial area under the curve (IAUC), *P < 0.002 versus vehicle,
**P < 0.0002 versus vehicle, wP < 0.00001 versus vehicle. Results
are presented as mean (measured from whole tumor) ± SEM.
Measurements of SM and IAUC at 1 h are consistent in study I and II.
Significant reduction in both SM and IAUC was observed in tumor but
not in hind limb muscles at 1 h post-treatment. By 6 h, both indices
recovered to approximately 80–90% of the baseline level.
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After decreases in tumor SM and IAUC, recovery in both

SM and IAUC was apparent. By 6 h after treatment, SM

and IAUC in tumors increased to near pretreatment

values, accounting for 82 ± 8 and 89 ± 6% of the

pretreatment level, respectively. Statistically, these values

were not different (P = 0.36 for SM and P = 0.16 for

IAUC) from those observed in the vehicle-treated group

at 6 h. The changes in SM and IAUC of hind limb muscles

were assessed to evaluate the treatment effects on

normal blood vessels. No significant treatment-induced

changes in SM or IAUC of muscle tissues were observed

at either time point (Fig. 3).

To evaluate possible differential vascular effects of ABT-

751 in different tumor regions, SM was plotted as a

function of the distance to tumor edges (Fig. 4). The

pretreatment SM was higher indicating a higher perfusion

in the tumor rim as compared with the tumor center. This

observation is consistent with general tumor biology

that the tumor rim is often supplied with extension of

blood vessels from surrounding normal tissues and under-

goes active angiogenesis, whereas the tumor center relies

on ill-formed tumor blood vessels or contains no blood

vessels. SM in all tumor regions decreased significantly 1 h

after the ABT-751 administration. Although the decrease

in SM was more pronounced in the tumor rim, the SM of

tumor rim remained at a comparable level with that of

normal muscle, whereas SM in the tumor center was

reduced nearly to zero. Six hours after the treatment, SM

of all tumor regions recovered significantly with more

complete recovery observed in the tumor rim.

Rat physiological conditions were monitored and main-

tained stable during the MRI experiments. MAP and HR

recorded during the first hour after the ABT-751 infusion

are presented in Table 2. A single dose of ABT-751 at

30 mg/kg did not cause significant changes either in MAP

or in HR. The average plasma concentration of ABT-751

measured at 1 h after compound administration was

2.07 ± 0.77 mmol/l.

Effects on endothelial cell morphology

The direct effect of ABT-751 on endothelial cells in vitro
was assessed using HMVECs at a concentration range of

0.3–10 mmol/l, covering the plasma drug concentrations

achieved in the in-vivo experiments. HMVE control

cells were well spread out on the slides and their body

length was generally oriented in parallel with the other

surrounding cells. Control cells had an extensive micro-

tubule network extending out to the cell periphery and

contained many prominent stress fibers extending through-

out and along the length of the cell body (Fig. 5a–c).

Endothelial cell retraction was observed after the

treatment with 0.3 mmol/l ABT-751 (data not shown),

which was associated with a decrease in microtubules in

the cell periphery. After 1 h treatment with 1 mmol/l ABT-

751, the cells became more retracted, there was a

noticeable loss of polymerized microtubules throughout

the cells, and a significant change in cell shape was observed

(Fig. 5d–f). At 3 and 10mmol/l, there was a complete loss of

microtubule network and an increase in prominent

peripheral stress fibers. Cells were more contracted, and

some even collapsed (Fig. 5g–i, 10mmol/l only).

To determine whether the effect of ABT-751 on

endothelial morphology was reversible, cells were washed
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0.0

1.0

2.0

3.0

4.0

< 2 2 − 4 > 4

Distance from tumor edge (mm)

N
or

m
al

iz
ed

 S
M

0 h
1 h
6 h

Vascular effect of a single-dose ABT-751 (30 mg/kg) in different tumor
regions presented by maximum slope (SM) as a function of the distance
to tumor edge. SM of all tumor regions was significantly reduced by
ABT-751 at 1 h post-treatment and largely recovered within 6 h
posttreatment.

Table 2 MAP and HR measured before, and 0.5 and 1 h post-ABT-751 administration

Time postdosing (h)

0 0.5 1 0 0.5 1

MAP (mean ± SEM) (mmHg) HR (Mean ± SEM) (beats/min)

Vehicle 117.8 ± 4.7 113.2 ± 5.8 93.6 ± 5.4 403.4 ± 16.3 364.9 ± 18.9 351.5 ± 19.8
ABT-751 119.1 ± 5.5* 124.8 ± 6.3* 104.4 ± 7.2* 369.6 ± 14.8* 372.9 ± 14.3* 363.5 ± 11.7*

ABT-751 did not cause significant changes in either mean arterial pressure (MAP) or heart rate (HR) within 1 h after dosing, despite significant changes in tumor vascular
function by ABT-751.
*P > 0.2 compared with vehicle group.
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1 h after the treatment and allowed to recover for 5 h in

drug-free medium. Cellular extension was noticeable at

all treatment concentrations during 1-h recovery period.

By 5 h, most of the cells were well extended at all

compound levels. The cells had an extensive microtubule

network and stress fibers along the body of the cells

similar to untreated control cells. However, cell orienta-

tion was less organized than was observed in the controls

(Fig. 5j–l, 10 mmol/l only). Drug treatment had no effect

on endothelial cell survival as evaluated with propidium

iodide staining at the end of the 6 h period. These data

suggest that at physiological concentrations, ABT-751 can

reversibly alter the morphology of endothelial cells.

Histomorphometry

Along the periphery of the tumor were viable, hyper-

cellular masses with higher vessel density. The central

portion of the tumor presented different degrees of

necrosis. The tumor NAF from tumors taken 1 and 6 h

post-ABT-751 is shown in Table 3. Although there was

a trend toward an increase in average NAF from 1 to 6 h in

the ABT-751-treated group, and a marginal increase of

NAF in ABT-751-treated group versus the vehicle control

group at 6 h, the difference in mean NAF between the

groups was not statistically significant.

Discussion
This study shows that a single treatment of ABT-751 at

a dose 10 times lower than the MTD (approximately

300 mg/kg) selectively disrupts tumor vascular function as

determined using DCE-MRI. Specifically, ABT-751

causes a profound but acute reduction in the perfusion

indices SM and IAUC of tumor but not of normal muscle.

Furthermore, this vascular activity was a transient event,

since 6 h after compound administration, tumor perfusion

indices largely recovered and showed no significant

differences from those measured in vehicle-treated rats.

These observations are consistent with our earlier

findings using an isolated tumor model in rats, where

we found a dose-dependent decrease in tumor blood flow

and an increase in tumor vascular resistance after the

treatment of ABT-751 [30]. One explanation for the

Fig. 5
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Effect of ABT-751 on endothelial cell morphology and cytoskeletal organization. Human microvascular endothelial cells were treated with ABT-751
for 1 h and either fixed immediately or allowed to recover for 5 h before fixing. Cells were stained for microtubules (a, d, g, and j) and microfilaments
(b, e, h, and k). (a–c) Untreated controls, (d–f) cells treated with 1mmol/l ABT-751, (g–i) cells treated with 10mmol/l ABT-751, and (j–l) cells treated
1 h with 10mmol/l ABT-751 followed by 5 h recovery. (c, f, i, and l) Merged images of microtubules (green) and microfilaments (red).

Table 3 Tumor NAF measured at 1 and 6 h after dosing
with ABT-751

Tumor NAF ± SD

Treatment 1 h postdose 6 h postdose

Vehicle 0.20 ± 0.07 0.19 ± 0.15
ABT-751 0.12 ± 0.09 0.24 ± 0.11

There were no significant differences in necrotic area fraction (NAF) of the
ABT-751 group compared with the vehicle group.
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changes in tumor blood flow observed after the ABT-751

treatment may relate to a change in the morphology

of endothelial cells. Blood vessels in tumors differ from

those in normal tissues in that tumor vessels are

disorganized, thin-walled, and contain a relatively high

proportion of proliferating endothelial cells. Earlier

studies have shown that VDAs can exploit these

distinctive features of the tumor vasculature to affect

blood flow in tumors [6,19,43]. For example, treatment

with ZD6126 results in conformational changes in

immature, proliferating, but not mature, nonproliferating

endothelial cells in vitro and leads to endothelial cell

contraction, blood vessel congestion, and consequently,

tumor cell death in vivo. In this study, we used

nonconfluent proliferating endothelial cells to better

mimic the immature blood vasculature in vivo. ABT-751,

at physiologically relevant levels, directly and reversibly

affected endothelial cell morphology in vitro. Short

incubation with ABT-751 did not affect cell viability,

but caused a significant loss of peripheral microtubules

that led to changes in cell shape. These effects were

rapid, reversible, and correlated with the time-dependent

vascular disruption observed in vivo, and thus supports

the supposition that microtubule disruption of endothe-

lial cells may be responsible, in part, for the fast-acting,

dramatic decreases in tumor perfusion by VDAs [6,17,19].

Besides its antimitotic function, our results show that

ABT-751 also has antivascular properties. Knowing

the effective drug exposures required for each function,

ABT-751 has the potential to be useful in different

therapeutic regimens, where the agent can function as an

antimitotic agent to directly attack tumor cells and/or

as an antivascular agent to diminish tumor blood flow.

In this study, the plasma concentration measured at 1 h

after ABT-751 administration averaged 2.1 mmol/l, when

a significant reduction in SM and IAUC was observed. In a

study reported by Segreti et al. [30], where multiple doses

were tested, ABT-751 induced vascular disruption at

doses of 10 and 30 mg/kg, but not at 3 mg/kg.

The corresponding plasma concentrations of ABT-751

measured at 2 h after dosing at 10 and 30 mg/kg were 0.4

and 1.2 mmol/l, respectively; tumor vascular resistance

remained elevated in the animals treated at 30 mg/kg

but returned to baseline in animals treated at 10 mg/kg

[30]. Taken together, it is estimated that the minimum

plasma concentration required for antivascular effects by

ABT-751 is in the range of 1.0–2.0 mmol/l. In contrast, to

have significant antitumor effect, the efficacious concen-

tration determined in preclinical tumor models is in the

range of 1.0–4.0 mmol/l, and required prolonged com-

pound exposure ( > 12 h) to produce significant inhibi-

tion of cell proliferation [26,44]. In summary, ABT-

751 at a plasma concentration greater than 1.0 mmol/l, if

maintained for an extended time, may produce simulta-

neous antimitotic and antivascular effects, whereas a

short exposure to ABT-751 at approximately 1–2 mmol/l

may selectively disrupt tumor vascular function without

being directly toxic to tumor or normal cells.

Results from phase I clinical trials in patients with solid

tumors showed that ABT-751 is an orally bioavailable

compound with favorable absorption and clearance

[25–27,45,46]. With single (approximately 300 mg/m2)

or 5-day repeated (approximately 220 mg/m2) oral dosing

regimen, peak plasma concentrations achieved were

greater than 50 mmol/l, a concentration well above the

predicted efficacious level required for antivascular and

antitumor effects in preclinical models [21]. In more

recent phase I trials using a multiple dosing schedule

(7 consecutive daily dosing, every 3 weeks), plasma

concentrations (both maximum concentration, Cmax and

minimum concentration, Cmin) also achieved predicted

efficacious levels at tolerable doses [26,45]. Unlike other

agents of the same class, such as combretastatin A-4 and

AVE8062, which are under development specifically for

their vascular-mediated antitumor benefit, ABT-751 is

being developed as an antimitotic agent. Thus, current

clinical trials have focused on dosing regimens optimal

for efficacy directly against tumor cells through anti-

mitosis. In a recent phase II clinical trial in patients with

advanced taxane-refractory non-small cell lung carcinoma,

single-agent treatment with ABT-751 at 200 mg daily

for 21 days followed by 7 days off was well tolerated and

achieved comparable efficacy with current treatments

approved for second-line therapy [47]. These results

warrant further evaluation of this compound in combina-

tion treatment for enhanced treatment benefits.

Interestingly, there are two important characteristics of

VDAs that should be considered. First, these agents may

provide a means to achieve dynamic control of tumor

blood flow, a function that is desired in many adjuvant

therapies to potentiate primary tumor damage [48]. It has

been shown in preclinical experiments that enhanced

antitumor effects were achieved by VDAs when com-

bined with radiation, antiangiogenic therapy, or with

other cytotoxic agents [49–55]. As only a short exposure

is required for antivascular effects with ABT-751, when

combined with other treatment approaches, ABT-751

may enhance the treatment efficacy with a favorable

tolerability. Second, because of this fast-acting, dramatic

disruption of tumor vessel function, when VDAs are

administered with frequent dosing or in combination with

other treatments, the disrupted tumor vessel function

may compromise drug delivery of subsequent doses or

the combined treatments to the tumor. Thus, the identi-

fication of optimal time window between doses and the

sequence of compound administration are important for

treatment outcome and should be carefully designed.

Based on our observations, ABT-751 produced transient

tumor vessel disruption at 1–6 h after dosing. Vascular
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consequences on compound delivery should thus not be a

concern with once a day or twice a day dosing in a single-

agent treatment regimen.

In conclusion, ABT-751 is a novel tubulin-binding agent

that produces potent tumor-selective antivascular effects

at tolerable doses in a preclinical model. The favorable

bioavailability and safety profile achieved in human

cancer trials offer opportunities for clinical development

of ABT-751 as an antimitotic agent and/or a VDA.
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