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Abstract: Historically, metastatic renal cell carcinoma (mRCC) is more resistant to conventional cytotoxic chemo-
therapeutic agents than other solid tumors. Although significant progress has been made over the last decade with
several novel therapeutics, these agents invariably go on to fail, largely due to either intrinsic or acquired resistance.
To help overcome, or at least delay resistance, combinatorial therapies utilizing agents with disparate, and ideally
complementary, mechanisms of actions are needed. In this report, we assess the novel combination of the mTOR
inhibitor, temsirolimus, with the microtubule stabilizing drug ixabepilone in RCC. Our results demonstrate synergy
in multiple cell lines of RCC and further evaluation of this combination is warranted in the clinical setting. Activa-
tion of the endoplasmic reticulum (ER) stress response pathway may in part explain the combinatorial synergy. We
further propose that ER stress induced proteins may serve as early response biomarkers to combinatorial therapy
in a clinical trial.
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Introduction

There are approximately 65,000 new cases of
kidney cancer along with 13,500 deaths each
year in the US, with the majority of these cases
being related to renal cell carcinoma (RCC) [1].
Over the last four decades, the incidence of
RCC has steadily risen [2]. While patients pre-
senting with early-stage disease respond well
to surgical resection or other methods of local
intervention, the five-year survival rate for met-
astatic RCC remains less than 10% [3].

The mammalian target of rapamycin (mTOR) is
a serine/threonine protein kinase involved in
eukaryotic cell proliferation and survival and is
an integral part of the phosphoinositide
3-kinase PI3K/Akt signaling pathway [4].
Increased PI3BK/Akt/mTOR signaling is obser-
ved in a large percentage of RCC patient tumor
samples [5]. In addition, activated mTOR dem-
onstrates pro-tumorigenic activity in RCC [5, 6],

and is correlated with poor prognostic features
[6].

Inhibitors of mMTOR are amongst the recently
approved agents for mRCC [7, 8]. Although
these agents both have demonstrable activity
in RCC, they typically produce disease stabiliza-
tion, with relatively few objective responses.
Furthermore, most patients will have disease
progression within six months of initiation of
therapy with this class of agent.

Temsirolimus (CCI-779; Torisel®) binds to the
protein FKBP-12, forming a complex that pri-
marily inhibits mTOR complex 1 (mTORc1) func-
tion [9, 10]. Recent studies have shown the
effectiveness of temsirolimus in patients with
metastatic breast [11], pancreatic [12], and
renal [13, 14] carcinomas. It has also been
safely combined with interferon [8] as well as
other cytotoxic chemotherapeutics [15] in
humans, suggesting that combinatorial therapy
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with other active agents in RCC may be
feasible.

Ixabepilone, an epothilone B analog, is a micro-
tubule (MT) stabilizer that functions by promot-
ing microtubule polymerization and conse-
quently arrests cells in the G2-M transition.
[16-18]. Ixabepilone and other epothilone ana-
logs have demonstrated anti-tumor activity in
taxane-sensitive, as well as taxane-resistant
tumors [19]. Two recent clinical trials evaluating
ixabepilone in metastatic RCC have shown clini-
cal benefit including objective responses and
prolonged disease stabilization [16, 20].
Furthermore, ixabepilone has demonstrated
efficacy in many cancers that do not respond to
standard of care treatments, such as triple neg-
ative breast cancer [21], metastatic melanoma
[22] and non-small cell lung cancer [20].

Though the specific combination of temsirolim-
us and ixabepilone has not been tested, the
combination of an mTOR inhibitor and a micro-
tubule stabilizer has recently been shown to be
effective in vitro in anaplastic thyroid carcino-
ma [23], hepatocellular carcinoma [24], and
non-Hodgkin lymphoma [25]. The combination
of these drugs enhanced mTOR downregulation
and synergistically enhanced caspase-depen-
dent induction of apoptosis [25], indicating the
potent anti-tumor activity of this combination.
To evaluate the efficacy of this combination in
RCC, representative cell lines were selected for
analysis and a series of molecular assays were
conducted to assess potential synergistic
effects of this combination of drugs. We found
that the combination of temsirolimus and ixa-
bepilone demonstrates synergistic, anti-prolif-
erative effects through activation of the endo-
plasmic reticulum (ER) stress response
pathway, and also enhances cell death via
apoptosis.

Materials and methods
Chemicals

Ixabepilone was kindly provided by Bristol-
Myers Squibb. Temsirolimus was purchased
from LC labs (Woburn, MA). All drugs were dilut-
ed in DMSO (Sigma-Aldrich; St. Louis, MO) at
various concentrations and stored at -20°C.

Cell culture and proliferation assays

The clear cell renal cell carcinoma cell lines
included A498, Caki-1, Caki-2, and UMRC3. All
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were purchased from ATCC (Manassas, VA),
except for UMRC3, which was a kind gift from
Dr. Bart Grossman (UT MD Anderson Cancer
Center). All cell lines were maintained in
Dulbecco’s modified eagle medium (DMEM,;
Invitrogen, Carlsbad, CA) supplemented with
5% fetal bovine serum (Hyclone, Logan, UT) and
1% penicillin-streptomycin B (Cellgro, Herndon,
VA) at 37°C under humidified atmosphere with
5% CO,. For proliferation analysis, cells were
plated in 12-well plates (BD Biosciences,
Bedford, MA) in triplicate at a concentration of
2 x 10* cells/well. After 24 hours, cells were
treated with temsirolimus, ixabepilone, or a
combination of various concentrations as indi-
cated in figure legends for 72 hours. DMSO
alone was used as control. After 72 hours, cells
were washed with PBS (Cellgro), trypsinized
and counted by Coulter Particle Counter
(Beckman, Brea, CA). For single dose outs of
temsirolimus and ixabepilone, IC,, was calcu-
lated via extrapolation of 50% growth on a log
scale to determine corresponding drug concen-
tration. For the synergy curves, various concen-
trations of ixabepilone were used alone and in
combination with three fixed concentrations of
temsirolimus (0.1 nM, 1 nM, and 10 nM) (RCC
cell lines). Drug interactions were analyzed
using CalcuSyn® [26] based upon the Chou-
Talalay Method [27]. Determination of synergy,
additivity or antagonism was quantified by the
combination index (Cl). Cl=1 indicates an addi-
tive effect, <1 is synergy and >1 is antagonism
[27].

Microtubule stabilization assay

Exponentially growing cells were treated with
either DMSO control or 2 nM ixabepilone for 6
hours and then harvested, pelleted and washed
in cold PBS (Cellgro). Pelleted cells were lysed
in 50 I hypotonic lysis buffer (1 mM MgCl,, 2
mM EGTA, 0.5% Nonidet P-40, 20 mM Tris-HCI
(pH 6.8), and 2 mM PMSF) for 5 min at 37°C.
Samples were centrifuged at ~ 15,000 x g for
10 min at 22°C in a temperature-controlled
centrifuge to separate the pellet (polymerized
cytoskeletal fraction) from the supernatant (sol-
uble cytosolic fraction). The pellet was resus-
pended in a volume of lysis buffer equal to the
supernatant, and both had an equal volume of
4X LDS sample buffer (Invitrogen) added. Equal
volumes of samples were used for western
analysis.
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Western blot analysis

Cells were plated at 50% confluence prior to 24
hour drug treatment. Cell lysis was done using
cold MPER buffer (Pierce, Rockford, IL) contain-
ing protease inhibitor cocktail (Roche, Mann-
heim, Germany) and phosphatase inhibitor
(Pierce) for 15 minutes followed by 15 minute
centrifugation. Supernatants were collected
and protein concentration was measured by
BCA assay (Pierce). Twenty micrograms of pro-
tein was loaded on Bis-Tris/MES gels or a 18%
tris-glycine gel for 4EBP1 (Invitrogen) and then
transferred to 0.2 um Immobilon-P (Millipore;
Billerica, MA) membrane. The membranes were
then hybridized overnight at 4°C with the follow-
ing antibodies: PDGFRB, VEGFR, IGFR, PARP,
mTOR, p-mTOR, p70s6k, p-p70s6k, p-p4EBP1,
BIP (Cell Signaling, Beverly, MA); a-tubulin,
B-actin (Sigma-Aldrich); p4EBP1 (R&D Biosys-
tems, Minneapolis, MN); B-lll-tubulin (Abcam,
Cambridge, MA); EGFR (Labvision, Fremont,
CA); XBP1 (Santa Cruz Biotechnology, Santa
Cruz, CA). Secondary species-specific horse-
radish peroxidase-labeled antibodies (Jackson
Immunoresearch, West Grove, PA) were applied
in 3% milk/TBS for 45 min at room tempera-
ture. Detection was performed using Super-
signal chemiluminescence kit (Pierce). Protein
expression from Western analysis was quanti-
tated using Image Quant 5.0 (Molecular
Dynamics, GE Healthcare, Piscataway, NJ)
Blots were background corrected and normal-
ized to loading controls.

RNA isolation and quantitative PCR

RNAqueous Midi Kit (Ambion, Austin, TX) was
utilized to extract and purify RNA from cell lines.
The 0.D. 260/280 ratio of the mRNA was at
least 1.8 and the 18 s / 28 s bands were veri-
fied on a 1% agarose gel. cDNA was prepared
from purified RNA samples using High Capacity
cDNA Reverse Transcriptase Kit (Applied Bio-
systems, Foster City, CA) per manufacturer’'s
instruction. TagManaFast Universal PCR Mas-
ter Mix (Applied Biosystems)and TagManaFAM™
dye-labeled probes including POLR2A (HsOO-
172187_m1) (normalization control) and ATF6
(Hs00232586_m1) were combined with pre-
pared cDNA samples to analyze relative mRNA
expression via QPCR. Fold change values were
calculated using the AACt method [28].
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Flow cytometry

For cell death analysis, cells were plated at 7.5
x 10* cells/plate in 6 cm plates (Midwest
Scientific) and treated with either 10 nM temsi-
rolimus, 2 nM ixabepilone or both for 72 hrs in
0.5% serum media. Media was collected for
floating cells and adhered cells were collected
using 0.05% trypsin (Cellgro). Both floating and
adhered cells were washed with cold PBS
(Cellgro) and resuspended in cold binding buf-
fer (BD Pharmingen, San Jose, CA) followed by
staining with propidium iodide (Pl) (BD Phar-
mingen) for 10 minutes. FACS analysis was per-
formed on Accuri C6 flow cytometer (Accuri,
Ann Arbor, MI). Unstained cells were used as
controls for setting the population parameters
and overlay of histograms show no deviation or
drift of channels.

Lentiviral infections

MISSION shRNA pLKO.1 constructs (Sigma-
Aldrich) were used to make self-inactivating
shRNA lentiviruses for human ATF6 (clones:
NM_007348.1-332s1cl (ATF6-332), NM_00-
7348.1-690s1cl (ATF-690)), and a non-target
(NT) random scrambled sequence control
(SHCO02). Lipofectamine 2000 (Invitrogen)
and ViraPower (Invitrogen) were used to gener-
ate lentiviruses in HEK293FT viral progenitor
cells (Invitrogen). Lentivirus was applied to cells
along with 5 pg/mL polybrene (American
Bioanalytical, Natick, MA) for 24 hours prior to
clonal selection with Puromycin (Cellgro).

Statistical analysis

Data are presented as the mean + s.d. and
comparisons were analyzed by 2-tailed paired
Student’s t test. Data for comparison of multi-
ple groups are presented as mean + S.D. and
were analyzed by ANOVA. p<0.05 was consid-
ered statistically significant.

Results

MTOR signaling is frequently activated through
several different mechanisms by upstream
tyrosine kinase membrane receptors (RTK)
which promote tumor growth and survival sig-
naling. Protein expression of several of these
RTKs was examined by western blot (Figure 1A)
in four RCC cell lines, two of which are VHL
mutant (Caki-2 and UMRC3). Platelet derived
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growth factor beta (PDGFRpB) was expressed at
high levels in all 4 cell lines examined, epider-
mal growth factor receptor (EGFR) was predom-
inantly expressed in A498 and UMRC3, vascu-
lar endothelial growth factor receptor (VEGFR)
demonstrated higher expression in A498 and
Caki-2, and insulin growth factor receptor
(IGFR) was found to be highly expressed in
Caki-1, Caki-2, and UMRC3. Phosphorylation of
mTOR at serine 2481 indicates activation of
the mTORc1 complex. A498, Caki-1 and Caki-2
demonstrate high levels of phosphorylated
mTOR, and UMRC3 to a lesser degree (Figure
1A). Dose response of temsirolimus (0.1-150
nM) demonstrated little growth inhibitory activ-
ity in all four RCC cell lines (Figure 1B).
Temsirolimus treatment of cells for 24 hours at
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a 10 nM dose strongly down-regulated phos-
phorylated mTOR (p-mTOR) in all cell lines,
except for Caki-2, which showed some resis-
tance to temsirolimus (Figure 1C), indicating
the drug is successfully abrogating mTORc1l
activity. Thus, temsirolimus effectively blocked
active p-mTOR, but had little growth effect upon
four RCC cell lines when used alone.

In order to produce an anti-tumor growth
response in RCC cells, the chemotoxic microtu-
bule stabilizing drug Ixabepilone was examined
for efficacy. Dose response curves demonstrat-
ed an IC50 of ~ 2 to 3 nM for ixabepilone for all
four cell lines (Figure 2A). In order to verify that
ixabepilone was effectively stabilizing the
microtubules, a microtubule stabilization assay
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Figure 2. Ixabepilone dose responsively inhibits cell proliferation in RCC cell lines. A. Cell proliferation assay show-
ing that ixabepilone has a dose effect after 72 hours and IC50 was determined to be ~ 2 nM overall. B. Western
blot analysis of cells treated for 6 hours with 10 nM ixabepilone for microtubule stabilization assay shows that -1l
tubulin and a-tubulin become polymerized in response to treatment. S=soluble, P=polymerized.

was performed as shown by western blot. B-llI
tubulin and its binding partner, a-tubulin, accu-
mulated in the polymerized fractions (P) after 6
hour exposures to ixabepilone (Figure 2B).

Since RCC cell lines were resistant to temsiroli-
mus despite downregulation of p-MTOR, but
sensitive to ixabepilone, the two chemothera-
peutics were used in combination to examine
synergistic effects (Figure 3). A dose range of
ixabepilone (0.1-3 nM) was combined with fixed
doses of Temsirolimus (0, 0.1, 1, or 10 nM).
Overall, temsirolimus and ixabepilone are syn-
ergistic when combined at low concentrations
(nM) as shown by Fa-Cl plots (Figure 3). Dose
ratios that did not exhibit synergy (>1) are
marked by black circles in the plot legend.
Interestingly, the renal cell line (Caki-1) that had
complete loss of p-MTOR in response to temsi-
rolimus (Figure 2C), exhibited the highest syn-
ergism as indicated by the Fa-Cl plot (Figure
3B). The cell line (Caki-2) that was most resis-
tant to p-mTOR downregulation (Figure 2C),
only exhibited synergism when ixabepilone was
used at concentrations higher than 1 nM
(Figure 3C).

In order to identify whether the synergistic
decrease in proliferation observed was due to
decreased cell doubling or induction of cell
death, cell death via propidium iodide staining
as measured by flow cytometry was examined
using 10 nM temosirolimus and 2 nM ixabepi-
lone (Figure 4). Again, Caki-1 cells showed the
highest combinatorial effects at 38.4% cell
death (Figure 4B). Caki-2 cells, which previous-

394

ly showed the most resistance to Temsirolimus
(Figures 2C, 3C), had 29.3% cell death in com-
bination (Figure 4C). UMRC3 cells were more
resistant to cell death with only a 1.6% differ-
ence in the combination when compared to ixa-
bepilone alone, suggesting that synergy may be
due to lower proliferative capacity and not
induction of cell death (Figure 4D). Western
analysis confirmed that cell death due to
Ixabepilone and combination treatment in all
four RCC cell lines was due to apoptosis as indi-
cated by PARP cleavage (Figure 5). Combination
treatment demonstrated elevated PARP cleav-
age when compared to all other treatment
groups, with UMRC3 having the lowest levels of
cleavage, reflective of the propidium idodide
staining (Figure 5). Of note, Caki-1 and Caki-2
both demonstrated significant cell death via
propidium iodide staining (Figure 4B, 4C) due
to Temsirolimus monotherapy, however no cor-
responding PARP cleavage (Figure 5). This sug-
gests that temsirolimus monotherapy may be
inducing non-apoptotic mechanisms of cell
death. Downstream targets of m-TOR were also
examined and p-p70S6K was strongly down
regulated with no change in p4EBP1 levels
(Figure 5).

In order to identify mechanisms of synergistic
cell death in RCC cells, downstream compo-
nents of the mTOR signaling pathway and
Ixabepilone were examined. Microtubule stabi-
lizers such as Ixabepilone function by binding to
microtubule polymers and preventing them
from dissociating into monomers, thereby dis-
rupting the process of MT treadmilling [29-32].

Am J Cancer Res 2013;3(4):390-401
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Figure 3. Combinatorial effects of temsirolimus and ixabepilone in RCC. Synergy curves using various concentra-
tions of ixabepilone were used alone and in combination with three fixed concentrations of temsirolimus (0.1 nM,
1 nM, and 10 nM). Drug interactions were analyzed using CalcuSyn® [26] based upon the Chou-Talalay Method,
whereas the combination index (Cl) =1 indicates an additive effect, <1 is synergy and >1 is antagonism [27]. Dose
curves of A. A498, B. Caki-1, C. Caki-2 and D. UMRC3 overall indicate that temsirolimus and ixabepilone are syner-
gistic when combined as shown by Fa-Cl plots. The legend is included and dose ratios that did not exhibit synergy
(>1) are marked by black circles.

MT dynamics are crucial for many cells pro- quence may be perturbation of endoplasmic
cesses, and a possible immediate conse- reticulum (ER) homeostasis [30-32]. MTOR sig-
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Figure 4. Cell death combinatorial effects of temsirolimus and ixabepilone in RCC. Cells were treated with 10 nM
temsirolimus (Tem) and 2 nM ixabepilone (Ixa) for 48 hours followed by cell death analysis as described in Materials
and Methods. A. A498, B. Caki-1, C. Caki-2 and D. UMRC3.
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Figure 5. Effects of temsirolimus and ixabepilone on RCC protein expression. Western blot panel of 4 RCC cell lines
treated with 10 nM temsirolimus (Tem) and 2 nM ixabepilone (Ixa) for 24 hours. PARP and proteins downstream of
p-mTOR were examined. All cell lines show increased PARP cleavage, indicative of apoptosis, with the combinatorial
treatment (T/1). p-p70s6K expression was decreased in response to Tem with no effects on p4EBP1. Proteins for
4EBP1 were run on a 18% tris-glycine gel for 1.5 hrs at 175 V.
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Figure 6. Combination of temsirolimus with ixabepilone induces ER stress. Endoplasmic Reticulum (ER) stress was
observed in Caki-1 and Caki-2 RCC cells treated with temsirolimus (10 nM) and ixabepilone (2 nM) as shown by A.
induced expression of the ER stress markers BIP and CHOP via western blot. B. Lentiviral suppression of ER stress
regulator ATF6 using two separate shRNA constructs as demonstrated by QPCR revealed C. significant abrogation of
growth inhibition induced by combination therapy when compared to non-target (NT) controls. **indicates p<0.05
when comparing ATF6 shRNA to NT control and *when comparing treatment to DMSO control.

naling also plays a role in ER functionality tion, metabolism, autophagy, etc [33, 34].
through mTORC1 by mediating protein transla- Thus, we examined ER stress as a convergence

397 Am J Cancer Res 2013;3(4):390-401



Temsirolimus and ixabepilone antitumor synergy

point of both Temsirolimus and Ixabepilone
activity.

Combination therapy demonstrated the highest
induction of endoplasmic reticulum (ER) stress
signaling in both the Caki-1 (VHL wt) and Caki-2
(VHL mut) RCC cell lines treated with combina-
torial therapy (10 nM temsirolimus and 2 nM
ixabepilone) as shown by increased protein
expression of downstream ER stress protein
chaperone BIP and apoptosis inducer CHOP
(Figure 6A) when compared to control or mono-
therapy. ATF6 is one of the primary ER stress
sensor, and translocates to the nucleus to
upregulate transcription of several ER stress
response proteins when activated, including
BiP and CHOP [35, 36]. ATF6 expression was
attenuated in Caki-1 and Caki-2 cells using two
separate lentiviral shRNA constructs (ATF6-
332 and ATF6-690) as shown by QPCR (Figure
6C). Both ATF6 shRNA constructs demonstrat-
ed significant recovery of cell proliferation in
the presence of ixabepilone (2 nM) and temsi-
rolimus (10 nM) combination therapy in both
Caki-1 and Caki-2 cell lines compared to non-
target (NT) control (Figure 6D). We have thus
demonstrated that ER stress likely mediates
partof the antitumor synergy of combined
mTOR inhibitor and a microtubule stabilizer.

Discussion

A new focus on development of combinatorial
strategies to treat RCC has emerged in the past
few years, however progress has been limited.
Targeted therapies currently being investigated
for combinatorial treatment of RCC include
anti-angiogenic drugs such as bevacizumab,
tyrosine kinase inhibitors such as sunitinib,
immunotherapy, and mTOR inhibitors such as
temsirolimus [37, 38]. While combinatorial ther-
apy may hold potential for more effective anti-
cancer therapies, these combinations are not
always better than single agent therapy and
may produce intolerable adverse events in the
clinic. Rational, mechanism-based combina-
tions need to be evaluated at the bench, with
promising combinations to be subsequently
evaluated in the clinic.

In an effort to identify a novel, more effective
regimen for patients with advanced RCC, we
chose to evaluate the combination of the FDA
approved mTOR inhibitor, temsirolimus, with
the microtubule stabilizing drug, Ixabepilone.
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This combination was in part based on the clini-
cal activity that both agents had demonstrated
in the clinical setting, but more importantly on
the potential for mechanism-based synergism
with the two agents in this patient population.
Temsirolimus blocks pro-survival signaling of
the oncogenic PI3K/Akt/mTOR conduit, poten-
tially crippling tumor cell translation, ribosome
biogenesis, metabolism or other downstream
effectors of this pathway [4, 5]. Despite its effi-
cacy in the clinic, we observed a lack of RCC
tumor cell response to Temsirolimus in vitro,
and therefore sought to combine it with a che-
motoxic agent in an effort to enhance the anti-
tumor effects of Temsirolimus. Microtubules
are dynamic cytoskeletal constituents that not
only regulate cellular transport and cell motility,
but are critical for mitosis and cytokinesis dur-
ing cell division [39, 40]. Application of microtu-
bule stabilizers such as ixabepilone effectively
blocks dissociation of microtubule polymers
and consequently arrests cell division [17, 19].
Ixabepilone was of particular interest as it has
demonstrated efficacy in tumor cells that have
demonstrated resistance to other microtubule
stabilizing drugs such as the taxane agents
paclitaxel and docetaxel [19, 41, 42].

In this study we demonstrate synergistic anti-
proliferative effects using temsirolimus in com-
bination with ixabepilone in RCC. Combination
treatment successfully attenuated p70S6K
phosphorylation downstream of mTOR, result-
ed in an increase in polymerized microtubule
fractions, and yielded an increase in cell death
as shown by both Pl staining via flow cytometry
and PARP cleavage. In an effort to identify
potential mechanisms of drug synergy, our
group identified, for the first time, enhanced ER
stress signaling in part responsible for drug
response.

Some of the major functions of the ER include
protein translation and refolding, storage and
secretion of intracellular calcium, and it belongs
to part of the secretory pathway. In the event of
cellular stress induced by accumulation of mis-
folded protein, or protein aggregation, the ER is
responsible for triggering the unfolded protein
response (UPR) in an effort to restore cellular
homeostasis or induce programmed cell death
[43, 44]. This signaling response is marked by
the activation of three primary stress sensors:
activating transcription factor 6 (ATF6), inositol-
requiring protein 1 (IRE1), and/or protein kinase
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RNA-like endoplasmic reticulum kinase (PERK).
These then regulate downstream activation of
protein chaperones such as heat shock 70kDa
protein 5 (BIP), ER-associated degradation
(ERAD) proteins, or apoptosis mediators such
as damage inducible transcript 3 (CHOP) [43,
44].

Microtubules may influence ER homeostasis in
several ways. They play an important role in the
secretory pathway as they provide the avenues
by which transport intermediates are shuttled
between the ER and the Golgi [39, 45]. Also,
the dynamic instability of microtubules allows
for rapid re-organization in response to various
stimuli within the cell, including the structural
integrity and expansion of the ER [30-32]. We
demonstrate that interference of microtubule
dynamics via treatment with ixabepilone induc-
es expression of BIP and CHOP (Figure 6), sug-
gesting that ER stress is a downstream conse-
quence. Furthermore, while temsirolimus
seemed to induce little ER stress on its own,
the combination of temsirolimus with ixabepi-
lone significantly enhanced this response
(Figure 6). Based upon this data, we propose
that ER stress induced proteins such as BIP
and CHOP may serve as early biomarkers for
positive response to combinatorial therapy.
While recent undertakings in the elucidation of
crosstalk between mTOR signaling and the ER
stress response is currently taking place [46],
further investigation is required in order to pro-
vide a suitable explanation for our observa-
tions.

In summary, we demonstrate that the novel
combination of ixabepilone with temsirolimus
synergistically attenuates tumor cell growth in
highly aggressive, metastatic RCC. This drug
combination also resulted in the induction of
the ER stress response, which contributed in
part to tumor cell death and provides a partial
explanation for mechanism of synergy. A phase
| clinical trial evaluating the safety of this com-
bination in patients with advanced solid tumors
is currently ongoing (Clinical Trials Identifier:
NCT01375829).
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