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Superior Therapeutic Efficacy of
Nanoparticle Albumin Bound
Paclitaxel Over Cremophor-
Bound Paclitaxel in

Experimental Esophageal
Adenocarcinoma

Abstract

Esophageal adenocarcinoma (EAC) is the fastest growing cancer in the western world and the overall 5 year
survival rate of EAC is below 20%. Most patients with EAC present with locally advanced or widespread metastatic
disease, where current treatment is largely ineffective. Therefore, new therapeutic approaches are urgently
needed. Nanoparticle albumin-bound paclitaxel (nab-paclitaxel) is a novel albumin-stabilized, cremophor-free and
water soluble nanoparticle formulation of paclitaxel, and the potential role of nab-paclitaxel has not been tested yet
in experimental EAC. Here we tested the antiproliferative and antitumor efficacy with survival advantage of nab-
paclitaxel as monotherapy and in combinations in in-vitro, and in murine subcutaneous xenograft and peritoneal
metastatic survival models of human EAC. Nab-paclitaxel significantly inhibited in-vitro cell proliferation with higher
in-vivo antitumour efficacy and survival benefit compared to paclitaxel or carboplatin treatments both in mono- and
combination therapies. Nab-paclitaxel treatment increased expression of mitotic-spindle associated phospho-
stathmin, decreased expression of proliferative markers and enhanced apoptosis. This study demonstrates that
nab-paclitaxel had stronger antiproliferative and antitumor activity in experimental EAC than the current standard
chemotherapeutic agents which supports the rationale for its clinical use in EAC.
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Introduction

Esophageal adenocarcinoma (EAC) has become the dominant type of
esophageal cancer in the United States, and represents the fastest
growing cancer in the western world [1-6]. Adenocarcinoma of the
distal esophagus, gastroesophageal (GE) junction, and proximal
stomach is increasing in incidence and represents an emerging health
epidemic in the United States and other Western countries [7].
Despite recent advances in surgical and radiation technique as well as
in systemic medical treatment, prognosis remains poor [8—10]. 5-year
relative survival rates for localized, regional and distal esophageal
cancer are 40%, 21% and 4%, respectively [11]. Moreover, 50-60%
of EAC cases are unresectable at diagnosis [12]. Paclitaxel (PT) has
been used in combination with carboplatin (CP) as a conventional

combination therapy for advanced EAC [13]. Although EAC seems
to respond to conventional chemotherapy, clinical benefit is limited
and most patients eventually die from metastatic disease [8—10,14]
while chemotherapy remains the mainstay of palliative treatment.
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Therefore, new therapeutic approaches are urgently needed.
Currently, clinical trials are underway to explore combination
treatment benefits of cytotoxic agents with targeted agents for the
development of more effective therapeutic approaches [15,16].

Paclitaxel is a classical microtubule inhibitor that promotes G2/M
phase arrest and mitotic cell death by tubulin polymerization and
stabilization of microtubules [17-19]. Paclitaxel phosphorylates
stathmin, a phosphorylation-regulated tubulin-binding protein.
Phosphorylation of stathmin reduces its microtubule destabilizing
effects leading to mitotic arrest, a phenomenon that has been ascribed
to taxane activity [20-23]. Paclitaxel is a key cytotoxic agent in the
first line and recurrent setting for most EAC. Paclitaxel has been
frequently tested for advanced and recurrent EAC in combination
with carboplatin [13]. However, paclitaxel requires emulsification
with solvents to allow intravenous administration which has resulted
in serious adverse effects in patients. Although active in EAC, some
patients will not tolerate the drug secondary to hypersensitivity
reactions (HSRs) [24,25]. While the exact etiology of the HSRs is not
specifically known, the Cremophor solvent required for the
hydrophobic paclitaxel is thought to play a role [26]. Nanoparticle
albumin-bound paclitaxel (nab-paclitaxel) is an albumin-stabilized,
cremophor-free and water soluble nanoparticle formulation of
paclitaxel consisting of 130 nm albumin-paclitaxel nanoparticles.
The use of nanotechnology as a delivery system for paclitaxel was
designed in part to neutralize paclitaxel’s hydrophobicity and thus
eliminate the need for the Cremophor solvent. Nab-paclitaxel (NPT)
treatment showed higher response rates and improved tolerability
compared with solvent-based formulations in patients with advanced
metastatic breast cancer, non-small cell-lung cancer and pancreatic
adenocarcinoma [27-29].

Thus, Nab-paclitaxel is a novel microtubule-inhibitory cytotoxic
agent and the potential role of nab-paclitaxel has not been tested yet
in experimental EAC. Since the treatment cost of nab-paclitaxel is
relatively higher than the commonly used paclitaxel, it is of
substantial interest to know the comparative biological effects of
nab-paclitaxel in experimental EAC. We therefore, in this study
explored the antiproliferative and antitumor efficacy with survival
advantage following carboplatin, paclitaxel and nab-paclitaxel as
monotherapy and in combinations in in-vitro as well as in murine
subcutaneous xenograft and peritoneal metastatic survival models of
human EAC.

Materials and Methods

Cell Lines Culture and Reagents

Human esophageal adenocarcinoma cell lines OE19 and OE33
were obtained from Sigma Aldrich (St. Lois, MO). Both cell lines
were cultured in RPMI-1640 medium (Gibco, Grand Island, New
York, USA) supplemented with 10% fetal bovine serum (Hyclone), 2
mM GlutaMax (Gibco), 100 U/ml penicillin, 100 mg/ml strepto-
mycin at 37 °C in a humidified atmosphere of 95% air — 5% CO,.
Nab-paclitaxel was purchased from Abraxis Bioscience (Los Angeles,
CA), paclitaxel, carboplatin and 5-flurouracil were obtained from
local pharmacy.

Cell Viability Assay

Cell viability of esophageal adenocarcinoma OE19 and OE33 cell
line was evaluated by the colorimetric WST-1 assay as previously
described [30,31]. The measurement is based on the ability of viable
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cells to cleave the sulfonated tetrazolium salt WST-1 (4-[3-(4-iodo-
phenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3-benzene disulfonate)
by mitochondrial dehydrogenases. OE19 and OE33 cells (5,000
cells/well) were plated in a 96-well plate in regular growth medium.
After 16 hours the medium was replaced with 2% FBS containing
medium and the cells were treated with nab-paclitaxel (NPT),
paclitaxel (PT), carboplatin (CP) or 5-fluorouracil (5-FU) (1 nM to 5
uM). Cells were also treated with nab-paclitaxel or paclitaxel in
combinations with carboplatin (all 1000 nM). After 72 hours, 10 pL
WST-1 reagent was added in each well followed by additional
incubation for 2 hours. The absorbance at 450 nm was measured
using a microplate reader.

Western Blot Analysis

Western blot analyses were determined as described by us
previously [32,33]. OE 19 xenograft tissue samples were homoge-
nized in a cold lysis buffer (20 mM HEPES, 150 mM NaCl, 1 mM
EDTA, 0.5% Na+deoxycholate, 1% Nonidet P-40,and 1 mM DTT,
pH 7.4) containing protease and phosphatase inhibitor cocktails
(both from Sigma-Aldrich, St. Louis, MO) using a glass dounce tissue
homogenizer. All other cell lysates were prepared by scraping cells
from culture plates in cold lysis buffer containing protease and
phosphatase inhibitor cocktails. For cell lysates OE19 and OE33 cells
were cultured for 24 hours and then treated with 5 pM of
nab-paclitaxel, paclitaxel, carboplatin and 5-fluorouracil alone or in
combinations for 12 hours. Polyacrylamide gel electrophoresis was
used to separate equal amounts of protein samples, which were then
transferred to nitrocellulose membranes for analysis. The nitrocellu-
lose membranes were blocked for 1 hour in PBS-T at room
temperature and then incubated overnight at 4°C with the following
primary antibodies: total stathmin, phospho stathmin (ser38), cleaved
poly (ADP-ribose) polymerase-1, cleaved caspase-3 (all from Cell
Signaling Technology, Beverly, MA) and B-actin (Sigma-Aldrich, St.
Louis, MO). Blots were incubated with HRP-conjugated secondary
antibodies (Pierce Biotechnologies, Santa Cruz, CA) for 1 hour at
room temperature. Specific bands were detected using the enhanced
chemiluminescence reagent (ECL, Perkin Elmer Life Sciences,
Boston, MA.) Protein bands were quantified using Image] software
(National Institutes of Health).

Subcutaneous Tumor Growth Model

All mouse experiments used in this study were carried out in
accordance with the standards and guidelines of the Institutional
Animal Care and Use Committee (IACUC) at the University of
Notre Dame and confirmed to NIH guidelines. All animal researches
used in this study were approved by the University of Notre Dame
IACUC under protocol 15-08-263. At the end of experiments mice
were euthanized by CO2 exposure followed by cervical dislocation
according to University of Notre Dame IACUC-approved proce-
dures. Female athymic nude mice (4 to 6 weeks old) were
subcutaneously injected with OE19 esophageal adenocarcinoma cell
lines (5X10°). Measurements of subcutaneous tumor size were
started when mice had measurable tumors. All mice had measurable
tumor two weeks after OE19 cell injection. The mice were then
randomly grouped (n = 5 per group) and treated intraperitoneally as
described earlier with vehicle, nab-paclitaxel (10 mg/kg in 100 pl of
PBS, 2 times a week) [34], paclitaxel (20 mg/kg, 2 times a week for 2
weeks) [35] or carboplatin (50 mg/kg, 2 times a week for 2 weeks)
[36] alone and in combinations. The tumor size was measured twice a
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week for four weeks with slide calipers and tumor volume (TV) was
calculated as (W*XL)/2, where W is width and L is length of the tumor
[37]. Relative tumor volume (RTV) was calculated according to the
following formula; RTV = TV,/TV, where TV,, is the tumor volume at
the day of measurement and TV, is the tumor volume on the first day of
measurement [38]. Mice weight was measured twice a week during the
period of the study. All mice were euthanized at the end of study and
tumors were removed, weighted, dissected and processed for
histological, immunohistochemical and western blot analysis.

Immunohistochemical Analysis

Antibody staining was performed on histological sections of 4%
paraformaldehyde-fixed OE19 tumor xenografts. Prior to immuno-
histochemical staining, endogenous peroxidase activity was quenched
with 3% (v/v) hydrogen peroxide for 30 min. Antigen retrieval was
enhanced by microwaving in 10 mM sodium citrate, pH 6.0.
Nonspecific binding was blocked with 3% normal horse serum in
PBS for 30 minutes. Cleaved caspase-3 staining was performed with
an anti—cleaved caspase-3 primary antibody (1:1,000 dilution; catalog
9661; Cell Signaling Technology) that specifically recognizes the large
fragment (17 kDa) of the active protein but not full-length caspase-3.
Similarly, Ki-67 immunostaining was performed with a polyclonal
anti-Ki-67 (1:200 dilution; ab15580; Abcam) antibody. Staining was
detected using an avidin-biotin horseradish peroxidase system
(Vectastain Universal Elite ABC kit, Cat. PK-6200, Vector
Laboratories, Burlingame, CA), with positive cells staining brown
using diaminobenzidine chromogen and hydrogen peroxide substrate
(two-component DAB pack HK542-XAK, BioGenex, San Ramon,
CA). Slides were counterstained with modified Harris hematoxylin.
Tissue sections were dehydrated through graded ethanol and mixed
xylenes and mounted onto coverslips with mounting medium
(Surgipath Micromount, Leica Biosystems, Richmond, IL).

Determination of Apoptotic and Proliferative Indices

For this study, activated cleaved caspase-3 labeling was used to
identify apoptotic cells. The number of cleaved caspase-3—labeled
cells in immunostained sections was counted relative to the total
number of epithelial cells present in five different high power fields in
a blinded manner. The apoptotic index for each treatments was
expressed as the number of apoptotic cells per 100 cells. The Ki-67
proliferative index was determined similarly.

Peritoneal-Disseminated Animal Survival Analysis

Animal survival studies were performed using 6- to 8-week-old
female non-obese diabetic/severe combined immunodeficient
(NOD/SCID) mice bought from Charles River [30]. Mice were
intraperitoneally injected with OE19 or OE33 (10X10'%). Peritoneal
tumor formation and animal survival were evaluated from the day of
cancer cell injection until death. Two weeks after tumor cell injection
mice were randomly grouped (n = 5 per group). For mice survival
studies mice were treated intraperitoneally as described earlier with
vehicle, nab-paclitaxel (10 mg/kg in 100 pul of PBS, 2 times a week)
[34], paclitaxel (20 mg/kg, 2 times a week for 2 weeks) [35] or
carboplatin (50 mg/kg, 2 times a week for 2 weeks) [36] alone and in
combinations. Animals were examined daily for signs of distress or
development of jaundice, and body weight was measured once a
week. Animals were euthanized when they became moribund
according to predefined criteria like rapid weight loss (>20%) or
weight gain (>20% due to ascites), loss of ability to ambulate, labored
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respiration, or inability to drink or feed to avoid animal suffering [30]
in line with the local animal care committee protocol.

Statistical Analysis

In vitro cell proliferation data are expressed as mean + standard
deviation. Statistical analysis was performed by ANOVA for multiple
group comparison and Student’s t-test for the individual group
comparison. The comparison of survival time between different
groups was done by using the log-rank test, which is implemented in
the "survdiff" function in the R package "survival" [39,40]. The
comparison of the relative tumor volume (RTV) between treatment
groups was done by first normalizing the RTV values at day 14 by the
mean TRV value of the corresponding group at day 0, and then
applying the two-sample t test, implemented in the "rtest" R
function. P < .05 was considered statistically significant.

Results

Effect of Drug Treatments on Human Esophageal Adenocarcinoma
Cancer Cell Proliferation

We first determined antiproliferative efficacy of each drug paclitaxel
(PT), carboplatin (CP), 5-flurouracil (5-FU) and nab-paclitaxel (NPT)
alone and in combination (PT+CP and NPT+CP). All these drugs
inhibited esophageal adenocarcinoma cancer cell proliferation in a
dose-dependent fashion (Figure 1, A and C). As shown in Figure 1A
and C, NPT showed the highest antiproliferative potency with the
lowest IC50 compared to paclitaxel, carboplatin and 5-FU in both
OE33 and OE19 EAC cell lines. In addition, at 1000 nM
concentration NPT in combination with CP showed significantly
higher antiproliferative potency than that of PT in combination with
CP (Figure 1B and D). The IC50 of nab-paclitaxel was 21 nM in OE33
and 805 nM in OE19, which was less than that of paclitaxel (72 nM in
OE33 and 2.27 pM in OE19), carboplatin (1.51 pM in OE33 and
3.05 uM in OE19) or 5-flurouracil (4.82 uM in OE33 and 16.33 pM
in OE19) (Figure 1A and C). Based on 10,000 bootstraps, the P value
for IC50 of paclitaxel larger than of nab-paclitaxel in the OE19 cell line
is less than 0.0001, and in the OE33 cell line is less than 0.0001.

In-Vitro Effect of Drug Treatments on the Expression of the Mitotic-
Spindle Associated Phospho-Stathmin and Apoptosis Markers Cleaved
PARP and Caspase 3

Both in OE33 (Figure 2A) and OE19 (Figure 2B) EAC cell lines
microtubule destabilizing protein stathmin was strongly expressed,
whereas phosphorylation of stathmin at Ser68, which is essential for
function of the stathmin, was weakly expressed. In addition,
phosphorylation of stathmin (p-Stathmin) was significantly enhanced
after nab-paclitaxel (NPT) and paclitaxel treatments. Interestingly, we
observed higher expression of p-Stathmin in nab-paclitaxel treatment
compared to that of paclitaxel treatment in both cell lines. Expression of
apoptosis related proteins PARP-1 and caspase-3 cleavages showed higher
levels after nab-paclitaxel (NPT) treatment compared with paclitaxel,
carboplatin or 5-flurouracil (5-FU) treatments (Figure 2A and B). In
addition, expression of apoptotic-related proteins appeared higher in
combination treatments of nab-paclitaxel with carboplatin (NPT+CP)
compared to paclitaxel with carboplatin (PT+CP) in both EAC cell lines.

Effect of Drug Treatments on Human Esophageal Adenocarcinoma
Xenograft Growth

We then determined the in-vivo antitumor efficacy of nab-paclitaxel
(NPT), paclitaxel (PT) and carboplatin (CP) alone and also
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Figure 1. Higher antiprolifearive potency of nab-paclitaxel over paclitaxel in human esophageal adenocarcinoma cells. Human esophageal
adenocarcinoma OE33 (A and B) and OE19 (C and D) cells were plated on 96-well plates and treated with (A and C) 1 nM to 5000 nM
concentrations of nab-paclitaxel (NPT) (black points), paclitaxel (red points), carboplatin (violet points) and 5-flurouracil (blue points).
Whereas in B and D, cells in 96 wells were treated with 1000 nM of paclitaxel (PT), carboplatin (CP) or nab-paclitaxel (NPT) alone or in
combinations. After 72 hours, 10 ul WST-1 reagent was added in each well and incubated for 2 additional hours. The absorbance at 450
nm was measured using a microplate reader. The resulting number of viable cells was calculated by measuring absorbance of color
produced in each well. Data are the mean = SD of quadruplet determinations. * Represents NPT significantly different from Control, PT
and CP; ** represents NPT +CP significantly different from Control, PT, CP, NPT and PT+CP.

nab-paclitaxel or paclitaxel in combination with carboplatin in a
murine xenograft model using OE19 cells. Relative tumor volumes
(RTV), tumor weights and response to treatment groups are shown in
Figure 3. Nab-paclitaxel therapy at 10 mg/kg twice a week for two
weeks was well tolerated without obvious signs of toxicity as judged
by mouse weight and daily assessment. All treatment regimens tested
in the OE19 subcutaneous tumor model showed statistically
significant reductions in relative tumor volume (RTV) compared
with control animals (Figure 3A and B). After two-week treatment
nab-paclitaxel monotherapy was highly effective in reducing the RTV
(P=0.00006) compared with that of the control animals. The tumor
growth inhibition rate after a 2-week treatment with nab-paclitaxel,
paclitaxel and carboplatin was 72.38, 60.77 and 34.33 percent
respectively (P2<.05), supporting the higher efficacy of nab-paclitaxel
in reducing xenograft tumor growth. Although both combination
treatments (PT+CP and NPT+CP) were highly effective in reducing
primary tumor growth, the tumor growth inhibition rate was

significantly higher in the NPT plus CP (81.08%) vs. PT plus CP
(68.24%) (P = 0.042), supporting the higher efficacy of NPT plus CP
regimen. Mean tumor weight was significantly decreased by NPT
treatment compared to control (0.25598 g vs. 0.51198 g, P = 0.0054)
(Figure 3D). In addition, mean tumor weight was significantly lower
by nab-paclitaxel compared to paclitaxel both in monotherapy (NPT
vs. PT, 0.25598 g vs. 0.37894 g, P = 0.003) and in combination
therapy (NPT+CP vs. PT+CP, 0.217 vs. 0.3444, P= 0.0025) (Figure 3D).
There was no significant decrease in animal weight in both therapeutic

groups (Figure 3C).

In-Vivo Effect of Drug Treatments on the Expression of the Mitotic-
Spindle Associated Phospho-Stathmin, Proliferative Marker Ki-67 and
Apoprosis Marker Cleaved Caspase 3

Similar to the in vitro experiments, mechanisms of antitumor
activity were examined in OE19 subcutaneous tumor xenografts.
Expression of phospho stathmin (P-Stathmin) with cleaved caspase-3
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Figure 2. In-vitro comparative effects of nab-paclitaxel on the expression of apoptosis related proteins and phospho-stathmin in
esophageal adenocarcinoma cells. Subconfluent monolayer of human esophageal adenocarcinoma cells OE33 (A) and OE19 (B) were
treated with 5 uM of nab-paclitaxel (NPT), 5-flurouracil (5-FU), paclitaxel (PT) and carboplatin (CP) alone or in combinations for 16 hours.
Equal amounts of total cell extarcts were analyzed by western blots with antibodies to cleaved caspase 3 (c-caspase 3), cleaved poly
(ADP-ribose) polymerase-1 (cleaved PARP), phospho ser38 stathmin (p-Stathmin) and 3-actin. Data are representative of two independent

experiments with similar results.

and PARP in OE19 xenograft tumor lysates were significantly
increased after in vivo treatment with nab-paclitaxel (NPT) both in
mono- and combination therapies as determined by western blot
analysis (Figure 4). Immunohistochemical (IHC) analysis (Figure 5)
of OE19 tumor xenografts with an antibody that recognizes
carcinoma cells expressing the proliferative marker Ki-67 showed
lower number of carcinoma cells expressing Ki-67 both in NPT

mono- and combination therapies. In the NPT treated group, the
proliferative index (PI) was significantly decreased by 42.58%, P =
0.005 compared to control, whereas in the paclitaxel (PT) treated
group the PI reduction was 21.13%, P = 0.004 and in the carboplatin
(CP) treated group the PI reduction was only 15.48%, P = 0.03.
Interestingly, NPT plus CP effectively suppressed the PI to 75.32%,
P =0.002 whereas in the PT plus CP treated group the PI reduction
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Figure 3. Higher antitumor effect of nab-paclitaxel (NPT) on esophageal adenocarcinoma tumor xenografts inhibiting growth of established
local tumor without significant change in mice body weight. OE19 cells were subcutaneously injected in athymic nude mice and treated with
carboplatin (CP), paclitaxel (PT), nab-paclitaxel (NPT) as a monotherapy and in combinations. (A and B) Relative tumor volume (RTV) changes
after treatments were compared. Relative tumor volume is calculated by dividing the tumor volume at any time by the tumor volume at the
start of treatment. (A) RTV changes over a period of 2 weeks treatments of indicated drugs. (B) RTV changes after indicated treatments were
compared at day 14. (C) Mouse body weight was measured twice a week and presented as bar chart for the 2-week therapy period. (D) Mean
tumor weight was calculated from final day tumor weights in each group. Data are representative of mean values = standard deviation. *
indicates p < 0.05 in PT versus NPT, ** indicates p < 0.05 in PT+CP versus NPT+CP. All N=5 mice/group.
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adenocarcinoma xenografts. Tumor lysates were prepared from OE19 xenograft tumor tissue samples obtained from tumor bearing mice after
carboplatin (CP), paclitaxel (PT) or nab-paclitaxel (NPT) monotherapy or combination therapy. Tumor lysates were then analyzed by immunoblotting
with antibodies to cleaved caspase 3 (c-caspase 3), cleaved poly (ADP-ribose) polymerase-1 (cleaved PARP), phospho ser38 stathmin (p-Stathmin) and
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Data are representative of pooled lysates obtained from tumors of 5 mice in each therapy group.
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Figure 5. Superior in-vivo antiproliferative and apoptotic effects of nab-paclitaxel on esophageal adenocarcinoma tumor xenografts. OE19 cells
were subcutaneously injected in athymic nude mice and after 2 weeks treated with carboplatin (CP), paclitaxel (PT) or nab-paclitaxel (NPT) as a
monotherapy and in combinations for 2 weeks. Tumors harvested from five mice of OE19 xenografts for each treatments were processed and
stained with cleaved caspase 3 (c-caspase 3) and Ki-67 antibodies. (A) Intratumoral apoptosis was measured by immunohistochemistry (IHC) of
tissue sections for cleaved caspase 3. (B) Intratumoral proliferation was measured by IHC for Ki-67 nuclear antigen. (C) Cleaved caspase 3
(apoptosis index) and (D) Ki-67 (proliferative index) +ve cells were counted in five different high power fields for each treatments. Data are
expressed as the percent mean = standard deviation. * indicates p <0.05 in PT versus NPT, ** indicates p < 0.05 in PT+CP versus
NPT+CP (N = 5). Representative photomicrographs of cleaved caspase 3 (A) or Ki-67 (B) stained tumor sections (X40) were shown.
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Figure 6. Superior effect of nab-paclitaxel (NPT) on overall mice survival. 10X10% OE19 (A) and OE33 (B) cells were injected
intraperitoneally in SCID mice, and carboplatin (CP), paclitaxel (PT) or nab-paclitaxel (NPT) monotherapy or combination therapy was
started after 2 weeks and continued for another 2 weeks. The curve represents the animal survival time from the day of implantation. The
comparison of survival time between different groups was done by using the log-rank test (GraphPad Prism 7.0) and P values were shown

comparing PT versus NPT and PT+CP versus NPT+CP.

was only 30.23%, P = 0.02. Similarly, apoptosis index was measured
in OE19 xenograft tissues by an antibody that only recognizes cleaved
caspase 3, not the full length caspase 3 [32]. NPT enhanced apoptosis
index by 10.22 fold compared to control (P = 0.00003), whereas PT
and CP enhanced apoptosis index by 4.11 (P = 0.0011) and 3 (P =
.0016) fold, respectively. Apoptosis index was significantly (P =
0.004) higher in the NPT plus CP treated group (14.23 fold, P =
0.0003) than in the PT plus CP treated group (6.45 fold, p = 0.0043).
These results indicated that nab-paclitaxel had stronger in vivo
antiproliferative and apoptotic effects compared to paclitaxel both as
single agent and in combination with carboplatin.

Therapeutic Effect of Regimens on the Survival of Mice Harboring
Esophageal Adenocarcinoma

We evaluated the impact of drug treatments on the survival of mice
harboring OE19 and OE33 peritoneal disseminated xenograft tumors
as described earlier by us [30]. Kaplan-Meier curves of different
treatment groups and the comparison are shown in Figure 6A (OE19)
and Figure 6B (OE33). In the OE19 model, nab-paclitaxel (NPT)
monotherapy prolonged the median animal survival from 46 days to
65 days, p = 0.0034 (Figure 6A) and in the OE33 model, NPT
monotherapy prolonged the median animal survival from 58 days to
75 days, p = 0.0215 (Figure 6B). Nab-paclitaxel monotherapy
showed significant survival advantage over paclitaxel (PT) monother-
apy by extending median animal survival both in OE19 (NPT vs. PT,
65 vs. 57 days, p = 0.0023) and in OE33 (NPT vs. PT, 75 vs. 67 days,
2 = 0.0399) models. The combination of NPT with carboplatin (CP)

treatment showed a median animal survival of 75 days, (p = 0.003
compared to control) in the OE19 model (Figure 6A). The combination
of NPT plus CP was the most effective treatment and the increase in
median mice survival was statistically significant compared to PT plus CP
treatment (75 vs. 64 days, p = 0.0025) in the OE19 model. More
interestingly, the median survival of animals in the NPT monotherapy
group is equivalent to the PT plus CP combination treatment group

(65 vs. 64 days, p = 0.138) in the OE19 model. (See Figure 6A).

Effect of Drug Treatments on Esophageal Adenocarcinoma Xenografis
Stroma

It has been known that collagen depletion can enhance delivery
of cancer chemotherapeutics [41,42] into the tumor. As stromal
depletion has been reported after nab-paclitaxel, we therefore
compared the intratumor collagen IV staining after drug treatments
in OE19 xenografts by collagen IV immunohistochemistry (Figure 7).
Nab-paclitaxel (NPT) monotherapy or combined with carboplatin
(CP) robustly depleted tumor stroma compared to that of control,
paclitaxel (PT) or CP treatments as evidenced by decreased numbers of
collagen fibers in the xenograft tumors (Figure 7).

Discussion

The taxane paclitaxel (PT) was introduced more than two decades
ago, and represented a revolution in cancer chemotherapy [43]. PT
has become a core component of standard of care in several cancer
types including EAC [13,44-46]. The PT (Taxol®) and carboplatin

(CP) combination, Carbo Taxol is a commonly used regimen for
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Figure 7. Superior effect of nab-paclitaxel alone and in combination on tumor stroma. Immunohistochemistry of OE19 xenograft tumors
were performed in tumors harvested from untreated and treated with carboplatin (CP), paclitaxel (PT), nab-paclitaxel (NPT) alone and in
combination using collagen IV antibody. Nab-paclitaxel monotherapy or combination with carboplatin depleted tumor stroma as
evidenced by smaller numbers of collagen fibers in the xenograft tumors. Representative stained tumor sections (X20) were shown.

treating advanced EAC but can cause serious side effects and
chemoresistance [13]. One of the disadvantages of PT is its solvent
cremophor-ethanol, which has been shown to contribute to side
effects such as hypersensitivity reactions in humans [47]. Therefore,
nab-paclitaxel (NPT) was created as a solvent-free water soluble
albumin-paclitaxel nanoparticle and has demonstrated improved
tolerability and higher response rates compared to PT in patients with
advanced metastatic breast, non-small-cell lung and pancreatic
cancers [27-29]. This present study clearly demonstrates for the
first time that nab-paclitaxel had stronger antiproliferative and
antitumor activity in experimental EAC both in vitro and in vivo as
measured by antiproliferative effects, apoptosis, localized antitumor
responses and animal survival benefits than the current standard
chemotherapeutic agents paclitaxel and carboplatin.

WST-1 in vitro colorimetric cell proliferation assay revealed that
single agent treatment of nab-paclitaxel is more effective in inhibiting

both OE19 and OE33 human EAC cancer cell proliferation than PT.
We found that OE33 cells are more sensitive to the antiproliferative
effect of the anticancer drug treatments we used including
nab-paclitaxel than OE19 cells, supporting the more aggressive
phenotype of OE19 as we mentioned previously [30]. In addition,
nab paclitaxel combination with CP showed stronger inhibition of
cell proliferation compared to that of PT combination with CP. High
stathmin expression has been associated with human malignancies
such as human breast cancer, non-small cell lung cancer, human
hepatoma and gastric cancer [48—51]. Stathmin contributes to poor
prognosis, cancer progression and resistance to taxanes in patients
[52-54] and phosphorylation of Stathmin inactivates the protein
function [55]. In our experiments, we observed a strong expression of
stathmin with weak expression of phospho stathmin in both OE19
and OE33 cells, indicating active mitosis in these cancer cells. During
further evaluation of the mechanism of actions, we found both PT
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and nab-paclitaxel enhanced phosphorylation of stathmin and
interestingly, expression of phospho stathmin correlated with the
ability of nab-paclitaxel to inhibit in vitro cell proliferation with
enhanced expression of cleaved PARP and cleaved caspase 3.

In this study, we then performed a xenograft study to compare the
antitumor effects of nab-paclitaxel with paclitaxel and carboplatin on
Our results showed that
nab-paclitaxel as a single agent significantly reduced primary tumor
burden compared to that of control, PT and CP. This effect of
reduction in primary tumor volume was further enhanced when
nab-paclitaxel was combined with CP. RTV was significantly reduced
in NPT plus CP combined treatment compared to PT plus CP
treatment (RTV 2.5 vs. 1.6, p = 0.04). NPT compared to PT
monotherapy significantly reduced the number of proliferating

OE19 subcutaneous local tumors.

carcinoma cells as evidenced by reduced numbers of carcinoma cells
expressing Ki-67, a nuclear protein expressed in proliferating cells;
and also significantly enhanced apoptosis of carcinoma cells as
evidenced by an increase in the number of cleaved caspase 3, an
apoptotic marker, expressing carcinoma cells. In addition, NPT plus
CP treatment was highly effective in reducing the Ki-67-positive
carcinoma cells and in increasing the cleaved caspase 3 expressing
apoptotic cells compared with PT plus CP treatment. Similar to the in
vitro effect, higher expression of phosphor-stathmin was observed in
xenograft tissues after in vivo nab-paclitaxel treatments, indicating
that phosphor-stathmin can serve as a potential bio marker to predict
nab-paclitaxel response in EAC. Previously it was reported that
nab-paclitaxel effectively depleted tumor stroma in mouse models and
patients tissues of pancreatic ductal adenocarcinoma [56]. In this
study, we also observed reduced collagen IV staining only in
nab-paclitaxel treated mice xenografts indicating that nab paclitaxel
can be specifically effective in reducing tumor stroma in EAC.

Finally, we compared the survival benefits of nab-paclitaxel alone
and in combination with CP. Subcutaneous and orthotropic
xenograft models have been previously used for in-vivo experiments
using EAC human cell lines for anticancer drug evaluation
[30,57-61]. However, subcutaneous implantation models rarely
metastasize and are not patient-like. The establishment of an EAC
orthotropic model is extremely difficult and is technically challenging
to reproduce due to the anatomical location and small size of the
mouse esophagus. In addition, it requires invasive procedures which
can induce inflammation and thus may influence the efficacy of
subsequent therapeutic interventions. Thus a simple, least invasive,
patient-like EAC survival model with similar metastatic behavior has
been used [30] and our results showed that nab-paclitaxel
significantly enhanced mouse survival compared to that of PT, CP
or control. When compared, combined treatment of NPT plus CP vs.
PT plus CP, there was a significant increase in median survival of the
animals. Thus our studies confirmed that nab-paclitaxel was
remarkably effective in blocking tumor progression in experimental
EAC. It appears to represent a potent new chemotherapeutic agent for
clinical EAC treatment.

In conclusion, our results convincingly demonstrated that
nab-paclitaxel both as mono- and combination therapies had stronger
antitumor activity resulting in enhanced animal survival in
experimental EAC than the current standard chemotherapeutic
agents PT and CP, and appeared to be the superior taxane compared
to PT. This strong antitumor activity supports the rationale for clinical
application of nab-paclitaxel as a promising microtubule-inhibitory agent

in EAC.
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