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Abstract
Background—Metastatic prostate cancer is either inherently resistant to chemotherapy or rapidly
acquires this phenotype after chemotherapy exposure. In this study, we identified a docetaxel-induced
resistance mechanism centered on CCL2.

Methods—we compared the gene expression profiles in individual human prostate cancer
specimens before and after exposure to chemotherapy collected from previously untreated patients
who participated in a clinical trial of preoperative chemotherapy. Subsequently, we used the gain-
and loss- of function approach in vitro to identify a potential mechanism underlying chemotherapy
resistance.

Results—Among the molecular signatures associated with treatment, several genes that regulate
the inflammatory response and chemokine activity were upregulated including a significant increase
in transcripts encoding the CC chemokine CCL2. Docetaxel increased CCL2 expression in prostate
cancer cell lines in vitro. CCL2 specific siRNA inhibited LNCaP and LAPC4 cell proliferation and
enhanced the growth inhibitory effect of low-dose docetaxel. In contrast, overexpression of CCL2
or recombinant CCL2 protein stimulated prostate cancer cell proliferation and rescued cells from
docetaxel-induced cytotoxicity. This protective effect of CCL2 was associated with activation of the
ERK/MAP kinase and PI3K/AKT, inhibition of docetaxel-induced Bcl2 phosphorylation at serine
70, phosphorylation of Bad, and activation of caspase-3. The addition of a PI3K/AKT inhibitor
Ly294002 reversed the CCL2 protection, and was additive to docetaxel induced toxicity.

Conclusion—These results support a mechanism of chemotherapy resistance mediated by cellular
stress responses involving the induction of CCL2 expression, and suggest that inhibiting CCL2
activity could enhance therapeutic responses to taxane-based therapy.
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Introduction
Chemotherapy using docetaxel or mitoxantrone is a standard treatment option for patients with
metastatic castration-resistant prostate cancer [1,2]. Unfortunately, resistance to treatment
severely limits the potential of these agents to improve the lives of patients with advanced
prostate cancer [3,4]. Understanding of the mechanisms underlying the tumor response and
resistance are urgently needed to develop strategies that can enhance the chemotherapy efficacy
and circumvent treatment resistance. We hypothesized that such mechanisms can be identified
by comparing the in vivo gene expression profiles acquired before and after the administration
of cytotoxic drugs. In an ongoing clinical trial [5], patients with high-risk localized prostate
cancer (defined as cT2b or T3a or PSA ≥ 15 ng/ml or Gleason grade ≥ 4+3) underwent study-
specific biopsies that were snap frozen then received four cycles of docetaxel and mitoxantrone
followed by radical retropubic prostatectomy. The overall design and initial clinical results
from this study have been reported [6]. The gene expression profiles from specific cellular
compartments obtained through laser capture microdissection of snap frozen biopsy and
subsequent prostatectomy tissue were compared using cDNA microarrays. Using this
approach, we previously discovered that GDF15 is significantly upregulated by docetaxel, and
contributes to docetaxel resistance [5]. Our continued analyses of the gene expression profiles
derived from these chemotherapy-treated samples identified a cohort of genes with functional
roles involved in regulating inflammatory processes.

Inflammation is associated with the development of solid malignancies [7]. As reviewed
recently by Seruga, et al. [8], tissue homeostasis is regulated by the active balance between
pro- and anti- inflammatory mechanisms. The disruption of this delicate equilibrium is often
associated with cancer development that is accompanied by immune activation and chronic
inflammation. Cytokines are important signaling mediators of the inflammatory response.
Although various types of immune cells contribute both pro- and anti- inflammatory factors,
cancer cells can also express specific cytokines and chemokines that in turn support a pro-
tumorigenic microenvironment [9].

The mechanisms of action for taxane-based therapy is to alter microtubule dynamics causing
cell cycle arrest and apoptosis [1]. Docetaxel binds to microtubules with high affinity, which
leads to the activation of JNK signaling and Bcl2 phosphorylation such as at serine 70 (Ser70)
[10,11]. Subsequently, the phosphorylation of Bcl2 inactivates its anti-apoptotic function,
which results to the activation of caspase 3 and cell death [12,13].

Chemokine, CCL2, is responsible for the recruitment of immune cells such as macrophages to
sites of inflammation [14], and has been shown to have a direct effect on endothelial cells in
promoting angiogenesis [15,16]. More recently, the association between CCL2 and prostate
cancer has been established. In vitro under serum-free conditions, CCL2 was shown to
stimulate prostate cancer cell proliferation and resistance to apoptosis [17]. These effects were
positively associated with the activations of ERK/MAP kinase and PI3K/AKT signaling
cascades. Further, CCL2 was shown to induce expression of the cellular anti-apoptotic protein
survivin [18,19]. In vivo, CCL2 siRNA in PC-3 cells has shown to reduce tumor growth in a
mouse model [20], and the treatment of mice with an anti-CCL2 monoclonal antibody
significantly suppressed the progression of prostate cancer bone metastasis in intracardiac and
intratibial models [21]. Further, tumor expression of the CCL2 receptor CCR2 was positively
associated with prostate cancer progression in patients [21].

In the current study, we extended our previous efforts to identify mechanisms contributing to
the resistance of prostate carcinoma to chemotherapy based on in vivo comparative gene
expression analyses. We found that inflammatory cytokines including CCL2 are significantly
upregulated by chemotherapy in cancer cells. We report that the upregulation of CCL2
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represents an inducible mechanism that contributes to chemotherapy resistance through the
modulation of cell signaling pathways involving MAP kinase and AKT that influence apoptotic
responses.

Materials and Methods
Prostate tumor transcript profiling by cDNA Microarray analysis

Briefly, prostate cancer specimens acquired before and after chemotherapy were used for laser-
capture microdissection using methods we have previously reported in detail [5]. The pre-
chemotherapy samples were acquired from needle biopsies, and the post-chemotherapy
samples were from radical prostatectomy specimens. Total RNA was extracted from the
microdissected tumor epithelium, amplified using a linear amplification method, and used for
cDNA synthesis [5]. The Cy3 or Cy5 labeled cDNA (after treatment vs. before treatment from
the same individual) were hybridized in a head-to-head fashion simultaneously to custom-made
microarray comprised of ∼6,800 clones derived from the Prostate Expression DataBase
(PEDB) [22].

Cell culture and chemicals
Prostate cancer cell lines LNCaP (ATCC) and LAPC-4 (originally derived by Rob Reiter and
Charles Sawyers at UCLA, and a gift from Dr. John Isaacs of Johns Hopkins School of
Medicine) were cultured in regular RPMI containing 10% FBS and 1% PS. For serum-starved
condition, cells were first plated in regular medium. Twenty-four hours later, cells were washed
with PBS, and basal RPMI without FBS and PS was used to replace the regular medium.
Docetaxel (DTX) was purchased from Sigma (St. Louis, MO), dissolved in DMSO. The frozen
stock aliquots were stored at -80°, further diluted with medium right before adding to the cells.
The NF-κB inhibitor (parathenolide) was purchased from Sigma, the JNK inhibitor (SP600125)
and PI3K/AKT inhibitor (Ly294002) were purchased from Biomol International (Plymouth,
PA). The recombinant human CCL2 protein was from R&D systems (Minneapolis, MN).

qRT-PCR and Western Blot
The qRT-PCR and western analysis were conducted based on previously published procedures
[23,24] using the delta-delta Ct method. With the exception of CCL2, all antibodies used for
western blot were purchased from Cell Signaling (Danvers, MA). The CCL2 antibodies were
purchased from R&D Systems (Minneapolis, MN).

CCL2 over expression and siRNA
The CCL2 expression vector was purchased from Open Biosystems (Huntsville, AL).
Subsequently, the CCL2 coding region was subcloned into pcDNA 3.1, PCR-amplified with
EcoRV restriction site on both ends of 5′ and 3′ primers. The PCR products were inserted
downstream of the elongation factor 1a promoter with EcoRV digestion of a lentiviral
expression vector (gift from Dr. Linzhao Cheng at Johns Hopkins School of Medicine). The
lentiviral delivery and establishment of LNCaP with stable CCL2 expression was done as
previously described [25]. The CCL2 siRNA was purchased from Dharmacon, Inc. (Lafayette,
CO), and siRNA transfection using DharmaFect 3 was done following the manufacturer's
protocol.

Proliferation assay
The proliferation assays were performed as previously described [26]. Briefly, equal numbers
of cells (∼50,000 cells per well) were seeded into 12 – well plates. A portion of the attached
and viable cells were counted with a hemocytometer, and set as day 0 control. The remaining
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cells were treated and counted at later time points. The viability and growth under specific
conditions were calculated by comparing to that of day 0 control.

Statistical Analysis
Differences in transcript abundance between pre- and post-treatment samples analyzed using
the cDNA array were determined by random variance t-test as we have previously described
[5]. The results of cell proliferation and survival were analyzed with Student's t-test, with P
values < 0.05 being considered significant.

Result
Inflammatory cytokines are upregulated in prostate cancer cells by chemotherapy

To identify the molecular alterations associated with chemotherapy, we compared the gene
expression patterns of 31 patients with high-risk localized prostate cancer before and after a
neoadjuvant chemotherapy trial using docetaxel and mitoxantrone. We used laser capture
microdissection to specifically isolate tumor cells with the same Gleason grade from both pre-
and post- treatment tissues (5). Previously, we have shown that surgical manipulations of
radical prostatectomy tissues can impact gene expressions on the cellular stress pathways, and
established a cohort of 441 genes whose expression can be influenced by surgical tissue
ischemia. In the current study, we excluded these 441 genes from our microarray analysis
(5). We found that several genes encoding mediators of inflammation including CCL2,
CXCL10, IL-1β, IL-6 and IL-8 were significantly up-regulated in the post-chemotherapy
specimens (fig 1a). To confirm that these alterations reflected tumor cell responses to
chemotherapy, we treated LNCaP and LAPC4 prostate cancer cell lines with increasing doses
of either docetaxel or mitoxantrone and measured mRNA levels for these genes by qRT-PCR.
Docetaxel-treated cells had dose-dependent increases in CCL2, CXCL10, IL-6 and IL-8
mRNAs in LNCaP cell line (fig1b) and LAPC-4 cell line (data not shown). Mitoxantrone did
not induce similar alterations (data not shown).

CCL2 is up-regulated by docetaxel via JNK and NF-kB pathway
To investigate the role of CCL2 in modulating prostate cancer resistance to docetaxel, we first
confirmed that CCL2 was upregulated following chemotherapy using qRT-PCR to measure
CCL2 transcripts. We found a significant difference in CCL2 transcripts between pre- and post-
treatment patient matched cancer samples (p<0.002, paired t-test, N=31) (fig 2a). We also
confirmed that both intracellular and extracellular CCL2 protein levels were increased in the
prostate cancer cell line treated with docetaxel (fig 2b). In macrophages, CCL2 expression is
co-regulated by JNK and NF-kB pathways [27]. Since JNK pathways are activated by
chemotherapy-induced stress [28], and NF-kB is overactive in cancer [29,30], we hypothesized
that these two pathways were also responsible for the up-regulation of CCL2 in prostate cancer
cells. We used SP600125 (1 μM) to inhibit JNK signaling. After LNCaP cells were co-treated
with SP600125 and docetaxel, the docetaxel-induced CCL2 gene up-regulation was abolished
(fig 2c). Lactone compounds such as parathenolide have been reported to inhibit NF-kB
signaling. 10 μM of parathenolide inhibited the basal CCL2 expression in LNCaP cells (fig
2d), more importantly, when parathenolide was co-administered to LNCaP with docetaxel, it
dose-dependently inhibited the docetaxel-induced CCL2 expression. Besides LNCaP, similar
results were observed using LAPC4 and breast cancer cell line MCF-7 (data not shown).
Neither JNK nor NF-kB inhibitors induced significant amount of cytotoxicity with the dose
and time employed in the current experiments, we therefore conclude that JNK and NF-kB
pathways are possible signaling mechanisms that are involved in the CCL2 upregulation by
docetaxel.
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Inhibition of CCL2 enhances docetaxel cytotoxicity
We next hypothesized that inhibition of docetaxel-induced CCL2 would enhance the docetaxel
cytotoxicity toward prostate cancer cells. To test this hypothesis, we used RNAi to transiently
knock-down CCL2 expression in the LNCaP cell line. qRT-PCR and western blot confirmed
that docetaxel-induced CCL2 expression was significantly inhibited in cells treated with siRNA
for 48 hours followed by 3 nM of docetaxel for another 48 to 120 hours (fig 3a). Similar
experiments were performed to measure docetaxel-induced cytotoxicity with CCL2
suppression by RNAi. LNCaP cells were transfected with siRNA against CCL2 (siCCL2) or
scrambled control (siControl), and allowed to recover for 24 hours. Viable cells were counted
with a hemocytometer (considered as day 0 control), and cultured with serum-free media
containing 0, 1 and 3 nM of docetaxel for 5 days. The growth and viability of cells were
calculated by counting viable cell numbers at day 5, and compared to those of day 0 control
(fig 3b). In the absence of growth factors and without docetaxel exposure, cells transfected
with CCL2 siRNA had significantly less viability relative to cells expressing a scrambled
siRNA control (* in fig 3b). In cells received siControl, treatment with 3 nM docetaxel
significantly reduced the cell viability compared to the solvent control. Importantly, treatment
with 3 nM docetaxel plus CCL2 siRNA resulted in a significant reduction of cell viability
compared to 3 nM of docetaxel alone (# in fig 3b) or CCL2 siRNA alone (** in fig 3b). Similar
results were also seen in LAPC4 cells, in which 3 nM of docetaxel significantly reduced the
cell viability in siCCL2 cells than siControl cells (fig 3c). These data suggest that the induction
of CCL2 by docetaxel can confer docetaxel resistance in prostate cancer cells, and inhibition
of CCL2 can enhance the cytotoxicity of docetaxel.

CCL2 gain-of-function reduces docetaxel efficacy
To further investigate the role of CCL2 in prostate cancer response to docetaxel, we established
a line of LNCaP cells that stably overexpress CCL2. Under serum-free conditions, the growth
patterns of LNCaP-CCL2 cells (CCL2) and LNCaP-empty vector control cells (Ev) were very
similar (fig 4a). In contrast, when these two cell lines were treated with low-dose of docetaxel
(3 nM) for 5 days, the CCL2 cells showed higher viability than the Ev cells (* in fig 4a). Next,
we determined if exogenous CCL2 protein can influence prostate cancer cell responses to
docetaxel. Under serum-free condition, both 10 and 100 ng/ml of CCL2 significantly enhanced
the growth of LAPC4 cells over the course of 5 days (* in fig 4b). Low-dose of docetaxel (3
nM) was growth inhibitory and induced a significantly higher sub-G1 dead cell populations in
flow cytometry analysis (fig 4c); however, recombinant CCL2 countered the docetaxel-
induced inhibition and greatly enhanced the cell viability and growth (# in fig 4b, * in fig 4c).
Similar observations were also made using LNCaP cell line (data not shown). The CCL2-
induced resistance was less robust at high-concentrations (10 nM) of docetaxel. It is likely that
the level of damage caused at this concentration was sufficient to overcome the growth and/or
survival advantage provided by CCL2. In vivo, the pharmacokinetics of docetaxel suggests
that tumor cells are only exposed to low nanomolar concentrations of the drug between rounds
of therapy, therefore, the effect of CCL2 in the presence of low concentrations of docetaxel
maybe more relevant to the mechanism of resistance.

CCL2 modifies proteins of the apoptotic pathways
To gain additional molecular insights into CCL2's role in mediating docetaxel chemotherapy
response and resistance, we treated LNCaP cells with docetaxel, recombinant CCL2, or the
combination of these agents for 48 hours under serum free conditions. Western blot analysis
revealed that docetaxel was able to activate the JNK signaling cascade as evidenced by the
increase of phosphorylation of JNK1 and c-Jun at Thr183 and Ser63, respectively (fig 5a).
CCL2 can also activate the JNK pathway, but it strongly induced the phosphorylation of Erk
and AKT, indicating effects through both MAP kinase and PI3K/AKT. When CCL2 was
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combined with docetaxel, the Erk and AKT phosphorylation was maintained, but the JNK1
and c-Jun phosphorylation was reduced compared to single agent treatment (fig 5a), which
suggests that there are antagonistic effects between docetaxel and CCL2 regarding the JNK
signaling pathway. Downstream of JNK, docetaxel alone induced Bcl2 phosphorylation at
Ser70. CCL2 had no effect on Bcl2 as single agent, but in combination, CCL2 attenuated the
docetaxel-induced Bcl2 phosphorylation (fig 5b). The protein Bad is pro-apoptotic. The
survival signals from the MAP kinase and AKT can phosphorylate Bad at different residues
and inactivate its pro-apoptotic function [31]. In our current experiment, docetaxel slightly
induced Bad phosphorylation at serine 112, a target of MAP kinase. Addition of exogenous
CCL2 protein increased the phosphorylation of Bad (fig 5b). These data suggest that CCL2
can exert its potential chemoresistance function by activating AKT and MAP kinase pathways
and countering docetaxel-induced JNK activation.

Targeting PI3K/AKT enhances docetaxel efficacy
To further identify the mechanism for the antagonistic effect of CCL2 on docetaxel, we
hypothesized that the activation of AKT by CCL2 were responsible for the inhibition of
docetaxel-induced Bcl2 phosphorylation and caspase 3 activation. Treatment of LNCaP cells
with docetaxel induced Bcl2 phosphorylation and caspase 3 activation, but recombinant CCL2
reduced these two events (Fig 6a). Importantly, the PI3K/AKT inhibitor (Ly294002) restored
the Bcl2 phosphorylation and caspase 3 activation, while Bad phosphorylation at Ser112 (a
target of MAP kinase) was unchanged (fig 6a). These data is consistent with a pathway, in
which the therapy-induced CCL2 activates PI3K/AKT signaling to promote survival and
protect cells from chemotherapy-induced toxicity. Therefore, we hypothesized that targeting
PI3K/AKT pathway can enhance the effect of chemotherapy by in part inhibiting the CCL2
pathway. We treated LNCaP cells with low dose of docetaxel, Ly294002 or the combination
of these agents. Individually each treatment resulted in 20%-30% growth inhibition.
Combining docetaxel with PI3K/AKT inhibition reduced cell growth by ∼75% (fig 6b). This
suggests the combination between low-doses chemotherapy and a PI3K/AKT targeted
approach can achieve an additive antitumor effect.

Discussion
In the treatment of advanced, castration resistant prostate cancer, docetaxel-based
chemotherapy is empirically deployed. Responses were seen in about 50% of the patients and
emergence of treatment resistance is universal. When used preoperatively in the treatment of
high risk disease, docetaxel chemotherapy can reduce serum PSA, but has not resulted in
pathologic complete responses [4,32,33]. These results illustrate the need to identify docetaxel-
resistance mechanisms in prostate cancer. In this study, we sought to identify mechanisms by
which prostate cancer cells resist the toxic effects of docetaxel. A comparison of transcript
profiles from prostate cancer cells obtained before and after chemotherapy exposure in vivo
identified the robust up-regulation of several inflammatory cytokines and chemokines
including CCL2. The cytotoxicity of taxane-based chemotherapy has previously been shown
to occur in part through activation of stress-induced JNK signaling pathways [34]. The primary
molecular function of docetaxel is to bind and disrupt microtubules depolymerization [1]. As
a part of the cell stress response mechanism, the disruption on microtubule dynamics is sensed
by microtubule interacting proteins [35,36], which in turns activate JNK/SAPK signal
transduction pathways that are capable of modifying Bcl2 and inducing apoptosis [12,13,37].
We found that that docetaxel was able to up-regulate tumor cell CCL2 expression via the JNK
pathway. We determined that docetaxel-induced CCL2 can act in an autocrine fashion to
stimulate the Erk/MAP kinase and PI3K/AKT signaling to promote tumor cell survival, which
was associated with the increased phosphorylation of Bad, decreased phosphorylation of Bcl2,
and reduced activation of caspase-3. The effects of CCL2 on Bcl2, caspase-3 and viability were
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in direct conflict with effects induced by low-doses of docetaxel. In essence, the therapy-
induced growth inhibition can be countered by the therapy-induced stress adaptation. In our
studies, the CCL2-induced proliferation and phosphorylation were masked by serum in the
media. The cytoprotective role of CCL2 in a more complex in vivo system within the context
of chemotherapy has not been fully elucidated. Further, the potential cytoprotective functions
of additional inflammatory cytokines induced in vitro and in vivo have not been evaluated,
though our findings indicate that such studies merit evaluation.

The interaction between CCL2 and its receptor CCR2 during prostate cancer bone metastasis
has been studied. Prostate cancer bone metastasis is positively associated with tumor CCR2
expression [21]. The mechanistic rationale behind this association is that bone marrow cells
have high level of CCL2 expression; therefore, high expression of tumor CCR2 can promote
metastatic migration and growth in the bone environment. It is unknown whether docetaxel
chemotherapy could further upregulate CCL2 expression from bone marrow cells as a
mechanism contributing further to therapy resistance. A targeted approach using monoclonal
antibodies against CCL2 has demonstrated antitumor activity in preclinical models of prostate
cancer [21]. Our study further emphasized the potential benefit of targeting CCL2 in the context
of chemotherapy. Our results suggest that targeting docetaxel-induced CCL2 expression using
combinations of docetaxel and a CCL2 specific antibody or by other means may mitigate
therapy-induced resistance and enhance docetaxel activity and thereby enhance the utility of
this drug in the treatment of prostate cancer.
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Figure 1. The modulations of inflammatory genes in vivo and in vitro
A. The heatmap of 5 most significantly upregulated inflammatory cytokine gene expression
in prostate cancer epithelium from 31 patients underwent chemotherapy. Tumor epithelium
was laser-capture microdissected from post-treatment radical prostatectomy samples and pre-
treatment needle biopsy samples. cDNA were synthesized as previously described. The
expression level was expressed as post-treatment vs. pre-treatment. Rows represent genes and
columns represent individual patients. Red: upregulation, Green: down-regulation, Black: no
change, White: no data.
B. Docetaxel induced the expression of inflammatory genes. LNCaP cells were treated with
0, 1, 5, and 25 nM of docetaxel for 48 hours. RNA was extracted, and gene expressions were
measured by qRT-PCR, analyzed using the delta-delta Ct method and normalized to samples
treated with 0 nM docetaxel.
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Figure 2. JNK and NF-kappaB pathways mediated the docetaxel-induced CCL2 gene expression
A. The CCL2 upregulation in post-treatment cancer epithelium was confirmed by qRT-PCR.
The cDNA of 31 patients from post-treatment radical prostatectomy samples and pre-treatment
needle biopsy samples were used. P < 0.002, paired-t-test.
B. Docetaxel induced CCL2 protein expressions in LNCaP cells. Cells were treated with 1 and
3 nM of docetaxel (DTX) for 72 hours. Whole cell lysates and proteins in LNCaP extracellular
media were extracted and probed with an anti-CCL2 antibody by western blot. The intracellular
and extracellular CCL2 loadings were controlled by tubulin and coomassie stain, respectively.
C. LNCaP cells were treated with solvent, 5 nM of docetaxel, 1 μM of JNK inhibitor
(SP600125), or combination of both for 48 hours. Gene expression was measured by qRT-
PCR, normalized to solvent control, and expressed as relative mRNA.
D. LNCaP cells were treated with solvent, 5 nM of docetaxel, 1 uM or 10 uM of NF-kB inhibitor
(parthenolide), or combinations for 48 hours. Gene expressions of CCL2 were measured,
normalized to solvent control, and expressed as relative mRNA. * P < 0.05, ANOVA.
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Figure 3. CCL2 loss-of-function by siRNA enhanced prostate cancer cells sensitivity toward low-
dose of docetaxel
A. LNCaP cells were transfected with scramble control (siControl) or siRNA oligo targeting
CCL2 (siCCL2) for 48 hours. Then cells were treated with 3 nM docetaxel. The expressions
of CCL2 were measured by qRT-PCR in cells and western blot in cell culture media.
B. & C. Prostate cancer cells LNCaP (B) and LAPC-4 (C) were transfected with a CCL2
specific siRNA oligonucleotide. 24 hours later viable cells were counted, cultured in serum
free media and treated with low-doses of 1 and 3 nM of docetaxel for 5 days. The viable cells
of siRNA control and siCCL2 were counted and normalized to that of respective day 0 control.
*, #, **, P < 0.05, t-test.
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Figure 4. CCL2 gain-of-function decreased prostate cancer cell sensitivity to low-dose of docetaxel
A. LNCaP cells were transfected with either a CCL2 over-expression vector or an empty vector
control. Then cells were treated with 3 nM of docetaxel for 5 days. The viable cell numbers of
empty vector cells or CCL2 cells were counted at day 0, 2 5 of docetaxel treatment, and
normalized to that of respective day 0 controls. * vs. Ev+DTX, P < 0.05, t-test.
B. LAPC4 cells were cultured at serum-free condition, and viable cell numbers were counted
as day 0 controls. Then cells were treated with 3 or 10 nM of docetaxel, in combinations with
0, 10 or 100 ng/ml of recombinant human CCL2. After 5 days of treatment, viable cells in each
CCL2 group were counted and normalized to that of respective day 0 control. *, #, P<0.05, t-
test.
C. LAPC4 cells treated with control, 3nM docetaxel (DTX), 10 ng/ml CCL2 or combination
in (B) were stained with PI and subjected to flow cytometry. The % of dead cells in sub-G1
phase was plotted. Mean and standard deviation. *, P < 0.05, t-test.
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Figure 5. CCL2 modified signal transduction
A. CCL2 increased Erk and AKT signaling, and decreased docetaxel induced JNK signaling.
LNCaP cells were treated with docetaxel, CCL2 or combination for 48 hours. Whole cell lysates
were prepared, resolved on 12% SDS-PAGE gel, and probed with antibodies specific for JNK1,
c-jun, Erk and AKT phosphorylation. Total Erk and AKT were used as loading controls.
B. CCL2 activated Bcl2 and inactivated Bad. Cells and proteins were prepared as in A, and
probed with antibodies specific for Bcl2 phosphorylation at serine 70, Bad phosphorylation at
serine 112. The total Bcl2 and Bad were used as loading controls.
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Figure 6. PI3K/AKT is utilized by CCL2 to confer survival advantage during chemotherapy
A. Inhibition of PI3K/AKT restored the docetaxel-induced Bcl2 phosphorylation and caspase
3 activation. Cells were treated with docetaxel or docetaxel with CCL2 as in figure 5A, plus
PI3K/AKT inhibitor Ly294002 (5 μM) was added into the media of docetaxel and CCL2 co-
treated cells.
B. PI3K/AKT inhibitor enhanced the growth inhibitory effect of low-dose docetaxel. LNCaP
cells were treated with solvent control, low-dose of docetaxel (1 nM), Ly294002 (5 μM), or
combination for 72 hours. Viable cells were counted and expressed as % of solvent control. *
P < 0.05 vs. docetaxel, Ly294002, t-test.
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