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Molecular reprogramming in response to chemotherapeutics leads to poor therapeutic outcomes for prostate
cancer (PCa). In this study, we demonstrated that CXCR6-CXCL16 axis promotes DTX resistance and acts as a
counter-defense mechanism. After CXCR6 activation, cell death in response to DTX was inhibited, and blocking
of CXCR6 potentiated DTX cytotoxicity. Moreover, in response to DTX, PCa cells expressed higher CXCR6,
CXCL16, and ADAM-10. Furthermore, ADAM-10-mediated release of CXCL16 hyper-activated CXCR6 signaling

in response to DTX. Activation of CXCR6 resulted in increased GSK-3p, NF-kB, ERK1/2 phosphorylation, and
survivin expression, which reduce DTX response. Finally, treatment of PCa cells with anti-CXCR6 monoclonal
antibody synergistically or additively induced cell death with ~1.5-4.5 fold reduction in the effective con-
centration of DTX. In sum, our data imply that co-targeting of CXCR6 would lead to therapeutic enhancement of
DTX, leading to better clinical outcomes for PCa patients.

1. Introduction

Docetaxel (DTX) is commonly used to treat both castration-resistant
and hormone-sensitive metastatic prostate cancer (PCa), but it often
becomes ineffective during the treatment course [1-3]. The effect of
DTX, like other chemotherapeutics, relies on specific drug-target in-
teractions and its capacity to shift the cellular equilibrium from anti-
apoptotic towards apoptotic signals. However, in response to DTX,
cancer cells activate signaling to overcome its effect. Key signaling
pathways involved in overcoming therapeutic response include NF-xB,
PI3K/Akt/mTOR, PTEN, Src family kinases (SFKs), and ERK1/2 [4-12].
Subsequently, these effectors modulate the expression and activation of
several anti- and pro-apoptotic proteins in PCa [13-15] and diminish
the response to DTX.

The association of chemokines and chemokine receptors in tumor
progression and metastasis is well established [16-21]. Cancer cells
exploit chemokine-mediated signaling to survive and overcome che-
motherapeutic effects [16-21], and conversely cytotoxic agents also

Abbreviations: DTX, Docetaxel; PCa, Prostate Cancer; CI, Combination Index

affect chemokine signaling [22,23]. CXCR6 and its natural ligand,
CXCL16, are associated with various malignancies, including PCa
[17,24-30]. Others and we have shown association of the CXCR6-
CXCL16 axis in non-small cell lung cancer; it facilitates cell migration
by modulating MMP [17,31] by activating NF-kB [31]. It also mod-
ulates the ERK1/2/RhoA/Cofilin/F-actin pathway, supporting the in-
vasive and metastatic potential of cells [32]. Likewise, in various can-
cers, the CXCR6-CXCL16 axis influences signaling pathways that
regulate growth, survival, angiogenesis, and metastasis, suggesting a
role of this axis in disease progression. Earlier, we showed higher
CXCR6 expression in PCa cells compared to non-neoplastic cells [24].
CXCL16 has a positive association with the aggressive PCa phenotype
and bone metastasis [24]. CXCR6 promotes the metastatic potential of
PCa cells by modulating cytoskeletal dynamics [25]. The CXCR6-
CXCL16 axis supports PCa growth by promoting AKT/mTOR signaling
[33]. It activates NF-kB by promoting IkB degradation via IKK [34], and
it is associated with chemoresistance [35]. Here, we examined the ef-
fect of DTX on the CXCR6-CXCL16 axis and the impact of the activated
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CXCR6-CXCL16 axis on DTX-induced cytotoxicity in PCa. We also de-
lineated the CXCL16-induced molecular mechanism that could relate to
chemotherapeutic resistance. Our data suggest that the CXCR6-CXCL16
pathway acts as a counter-defense mechanism and that, in PCa, its
blocking improves the response to DTX.

2. Material and methods
2.1. Cell lines and cell culture

Human PCa cell lines (LNCaP, PC3, and DU145) and non-cancerous
immortalized human prostate cell line (RWPE-1) were obtained from
ATCC. Short tandem repeats genotyping was used to authenticate the
cell lines. PCa cells were maintained in their respective medium sup-
plemented with 10% FBS, 100 pug/ml streptomycin, and 100U/ml pe-
nicillin (HyClone Laboratories). RWPE-1 cells were grown in keratino-
cyte serum-free media (K-SFM) supplemented with bovine pituitary
extract (0.05mg/ml) and human recombinant EGF (5ng/ml). All cell
lines were maintained at 37 °C with 5% CO,, and experiments were
carried out with K-SFM for RWPE-1 cells and 2% FBS containing RPMI-
1640 media for PCa cells.

2.2. Reagents and antibodies

DTX was purchased from Sigma Aldrich. Human CXCL16 was pro-
cured from Peprotech. PE-conjugated mouse anti-human CXCR6 anti-
body, APC-conjugated rat anti-human CXCL16, respective isotype
controls (PE-conjugated IgG2b, APC-conjugated IgG2a), anti-phospho-
RelA/NF-kB-p655° =529 anti-ADAM10, and CXCL16 Quantikine ELISA
kit were purchased from R&D Systems. Phospho-NF-kB-p65Sr—5%6),
phospho-Erk1/2Mhr =202/Tyr=209) © 51655h0-GSKBS ™%, and anti-sur-
vivin antibodies were purchased from CST. FITC-Annexin V/7-AAD
apoptosis detection kit and Fc-Block were procured from BioLegend.
cDNA Synthesis kit, bicinconic acid kit, and West Pico
Chemiluminescent kit were obtained from ThermoFisher Scientific.
SYBR-Green Supermix and PVDF membranes were purchased from Bio-
Rad. Phosphorylation-specific antibody microarray slides were ob-
tained from Fullmoon Biosystems Inc.

2.3. Cell viability assay

Cells (10*cells/well) were cultured in 100pl of media supple-
mented with 2% FBS in 96-well plates overnight. Cells were then
treated with DTX (0-100 nM) alone or with CXCL16 (100 ng/ml) with
or without CXCR6 blockade using anti-CXCR6 for 48 h. Cell viability
was determined by MTT assays as described previously [36]. All con-
centrations were tested in triplicates, and the experiment was repeated
three times.

2.4. Flow cytometric analysis of cell death and CXCR6/CXCL16 expression
in response to DTX

Cells (10%) were treated for 48h with the 40nM DTX with or
without CXCL16 (100 ng/ml) as well as after blocking CXCR6 with anti-
CXCR6 monoclonal antibody (1 pg/ml). Cells treated with DMSO were
used as vehicle controls. Cells were harvested using Accutase and wa-
shed thrice with FACS buffer (2% FBS in PBS). Cell death was de-
termined using apoptosis detection kit as described in manufacturer's
protocol.

To determine the effect of DTX on CXCR6 and CXCL16 expression,
PCa cells treated with DTX for 48 h were incubated with Fc block for
10 min at RT and stained with PE-conjugated anti-CXCR6 for 40 min on
ice. Cells were then permeabilized with 0.05% saponin for 30 min and
washed with FACS buffer followed by staining with APC-conjugated
anti-CXCL16 antibody. Similar approach was taken for isotype control
antibody staining. Stained cells were washed with FACS buffer and

Cancer Letters 454 (2019) 1-13

fixed with 2% paraformaldehyde in PBS for 10 min. Fixed cells were
washed with FACS buffer. Fluorescence was acquired using Guava
EasyCyte (Millipore) and analyzed by FlowJo 10.0.6 software (Treestar
Inc.).

2.5. Gene expression analysis by RT-qPCR

Total RNA from cells (10°) treated with or without 40 nM DTX for
48 h was isolated using Tri-Reagent. Total RNA (1.0 ug) was used to
generate cDNA using cDNA synthesis kit according to the manufac-
turer's protocol. CXCR6 and CXCL16 mRNA and, 18S rRNA transcripts
were quantified by RT-qPCR using gene-specific primers with SYBR-
Green Supermix. Copies of mRNA transcripts of CXCR6 and CXCL16
were represented per million copies of 18S rRNA that used as a stan-
dard.

2.6. Soluble CXCL16 ELISA assay

PCa cells (10°/well) were seeded in 6-well plates in 1 ml RPMI
supplemented with 2% FBS and treated with 40nM DTX for 48 h.
Conditioned media from DTX-treated or untreated cells were collected,
and soluble CXCL16 was quantified as described in our previous pub-
lication [17].

2.7. Assessment of CXCL16 induced phosphorylation using a
phosphorylation-specific antibody microarray

PC3 cells were treated with CXCL16 (100 ng/ml) for 15 min; un-
treated cells were used as controls. Protein isolation, biotinylation,
hybridization, and labeling with streptavidin-conjugated Cy3 were ac-
complished according to the manufacturer's instructions. The average
signal intensity of six replicate spots for each antibody was normalized
to the median signal of the array. Normalized data were used to cal-
culate the fold change in intensities between untreated and CXCL16-
treated samples. The ratios of average signal intensities from phospho
site-specific (P) and corresponding non-phosphorylated (N) antibodies
(P/N ratios) were calculated. A heat map was generated using the
CIMminer tool (Genomics and Bioinformatics Group, NIH).

2.8. Western blot analysis

Total proteins from PCa cells (10°) treated with DTX (40 nM) for
48 h and cells stimulated with CXCL16 for 15 min, 30 min, 1 h, 2h, and
4h were isolated using RIPA lysis buffer containing protease and
phosphatase inhibitors. Protein (50ug/lane) was resolved on 10% SDS-
PAGE, transferred to PVDF membrane, then blocked with 5% non-fat
milk in PBS with 0.05% Tween-20 for 1 h at RT, followed by overnight
incubation with primary antibodies (1:1000 dilution) at 4°C.
Subsequently, the membranes were washed (3 x) and incubated with
1:1000 diluted HRP-conjugated IgG for 1 h at RT. -actin was used as a
loading control. Images of protein bands were developed with West
Pico Chemiluminescent kit and captured with an ImageQuant (GE
Healthcare Life Sciences). To compensate for sample-sample variation
densitometric analysis of protein bands were performed using ImageJ
analysis software and internal loading control -actin was used for
normalization [37-39].

2.9. Statistical analyses

All the experiments were performed three times, and results were
expressed as mean = SEM. Wherever suitable, the data were subjected
to unpaired two-tailed Student's t-test, and p < 0.05 was considered
statistically significant. Statistical analyses for cell viability were done
using 2-way Analysis of Variance (ANOVA) followed by Dunnett's
multiple comparisons test. The potential synergistic/additive effect of
blockade of the CXCR6-CXCL16 axis on DTX was determined using
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Fig. 1. Effect of CXCR6 stimulation and blockade on DTX induced cell death. PCa cells (LNCaP, PC3 and DU145) and non-cancerous immortalized human
prostate cell line (RWPE-1) cells treated with different concentration (0-100 nM) of DTX (-¢-), CXCL16 (100 ng/ml) + DTX (-=-); anti-CXCR6 (1 pg/ml) + CXCL16
(100 ng/ml) + DTX () for 48 h and effect on cell viability is shown in Panel-A. Statistical significance between DTX alone vs. combination treatment group was
done using 2-way ANOVA multiple comparison test represented as asterisks (%, p < 0.05; %%, p < 0.01; k%%, p < 0.001; %% %%, p < 0.0001). Apoptosis induced
by DTX (40 nM), in presence or absence of CXCL16 (100 ng/ml), with or without CXCR6 blockade (1 pg/ml) was quantified by FACS and is shown in Panel-B. DMSO
treated cells were used as a vehicle control. Quadrate Q2 and Q3 show late and early apoptotic cells, respectively. Clustered stacked column chart is a quantitative
representation of the percentage death in RWPE-1 (m), LNCaP (O), PC3 ( ), and DU145 (m) cells (Panel-C). Values are mean * SEM from three independent
experiments. Statistical significance between combination treatment group and DTX alone, was done by Student's t-test. Statistical difference is represented as % %,
p < 0.01 between DTX alone and CXCL16 + DTX; %% %%, p < 0.0001 between DTX and anti-CXCR6 + DTX for LNCaP cells; <+, p < 0.01 between DTX alone and
CXCL16 + DTX; <»%#<<, p < 0.0001 between DTX and anti-CXCR6 + DTX for PC3 cells and, ++++, p = 0.0001 between DTX alone and CXCL16 + DTX; 4+,

p < 0.0005 between DTX and anti-CXCR6 + DTX for DU145 cells.

Calcusyn software as described in our publication [40]. The combina-
tion index (CI) quantitatively defines synergism as CI < 1, additive
effect as CI = 1, and antagonism as CI > 1, which was calculated using
cell viability data and, DTX and anti-CXCR6 antibody concentrations.

3. Results

3.1. Activation of the CXCR6-CXCL16 axis reduces docetaxel-induced PCa
cell death

There was a reduction in DTX cytotoxicity when CXCR6 was acti-
vated with CXCL16 compared with no activation in PCa cells (LNCaP,
PC3 and DU145) but no such difference was observed in RWPE-1
(Fig. 1A). Differences in cell viability with or without CXCL16 treat-
ment was significant in LNCaP and DU145 at 20-, 40-, and 100 nM DTX,
whereas in PC3 cells such difference was significant at 40 and 100 nM
DTX. Blocking CXCR6 before CXCL16 and DTX treatment showed sig-
nificant improvement in DTX response. Reduction in PC3 cell viability,
when CXCR6 was blocked, was significantly high at 20nM DTX
(Fig. 1A). Further, PCa cells treated with most effective concentration
(40nM) of DTX showed 55.94%, 39.64% and 52.5% cell death in
LNCaP, PC3 and DU145, respectively (Fig. 1B). CXCL16 treatment prior
to DTX treatment reduced cell death to 38.56% (p < 0.01), 26.18%
(p = 0.01) and 27.23% (p < 0.0001) in LNCaP, PC3 and DU145, re-
spectively. Additionally, blocking CXCR6 prior to DTX showed in-
creased cell death of LNCaP (88.97%, p < 0.0001), PC3 (71.42%,
p = 0.0001) and DU145 (69.70%, p < 0.0005) compared to DTX
treatment alone (Fig. 1B). Such difference was not observed in RWPE-1.
These findings show that the CXCR6-CXCL16 axis is involved in DTX-
induced cytotoxicity.

3.2. Docetaxel increases CXCR6 and CXCL16 expression in PCa cells

We further determined if DTX affects CXCR6 and CXCL16 expres-
sion. PCa cells treated with DTX (40 nM) for 48 h showed elevated le-
vels of CXCR6 mRNA (LNCaP: 1.5 fold, PC3: ~2-fold, p < 0.05 and
DU145: ~3.5-fold, p < 0.05) as compared to untreated cells (Fig. 2A).
CXCL16 mRNA was also higher in PCa cells (LNCaP: ~2-fold,
p < 0.001; PC3: ~2-fold, p < 0.05 and DU145: ~4.5-fold, p < 0.001)
in response to DTX, as compared to the untreated control. No such
difference in CXCR6 and CXCL16 mRNA expression was observed in
RWPE-1 cell (Fig. 2A and B). Protein levels of CXCR6 (LNCaP: ~1.32-
fold, p-<0.0001; PC3: ~1.8-fold, p < 0.0001 and DU145: ~1.28-fold,
p < 0.0001) and CXCL16 (LNCaP and PC3: ~2.1-fold, DU145: ~3-
fold, p = 0.0001) were higher in response to DTX compared to un-
treated controls, but no such difference was observed in non-cancerous
immortalized human prostate cell line (Fig. 2C).

3.3. Docetaxel promotes cleavage of membrane-bound CXCL16 by
modulating ADAM-10 via NF-kB and activates CXCR6 signaling

The elevated response to DTX after blocking CXCR6 without exo-
genous CXCL16 implies that DTX activates CXCR6 signaling. Hence,
soluble CXCL16 (sCXCL16) was quantified in DTX-treated conditioned

media. Significantly (p < 0.05) higher levels of sCXCL16 were present
in DTX-treated conditioned media as compared to controls (Fig. 3A).
Additionally, ADAM-10 protein, which cleaves membrane-bound
CXCL16, was elevated in DTX-treated PCa cells compared to controls.
DU145 cells showed the highest increase in ADAM10 (~ 3.5-fold,
p =< 0.001) followed by LNCaP (~ 2.5-fold, p < 0.001) and PC3 (~1.8-
fold, p < 0.01) cells (Fig. 3B).

Since activation of NF-xB is linked with promotion of CXCL16
cleavage [41-44], we examined NF-«xB activation in response to DTX.
There was greater phosphorylation of NF-kB p65(Ser—536/8er=529
DTX-treated PC3 cells compared to controls (Fig. 3C and D). However,
DU145 cells did not show any change in phosphorylation at either of
these serine residues after DTX treatment (Fig. 3C and D). Interestingly,
LNCaP cells showed lower phosphorylation at Ser-536 with no change
in phosphorylation at Ser-529 in response to DTX compared to controls
(Fig. 3C and D).

3.4. CXCR6-CXCL16 alters molecular signatures responsible for overcoming
DTX response by increasing survival and decreasing apoptotic molecules

We investigated CXCL16-triggered molecular signaling that could
be responsible for supporting cell survival and resisting apoptosis.
Based on the antibody microarray, CXCL16 treatment showed phos-
phorylation of GSK-3f3, NF-kB, and p44/42 MAPK (ERK1/2) (Fig. 4A).
There was ~ 2-fold increase in phosphorylation of GSK-3p®"~, NF-
KB_p65(Ser7529)’ and Erkl/Z(Thr7202/Tyr7204) in CXCL16-treated PC3
cells compared to untreated controls. Increases in phosphorylation of
NF-kB-p65™ 259 (~1.2-fold) and NF-kB-p105/50C 89 (~1.3.
fold) were also evident, albeit marginal. GSK-30®%" ~2% did not show a
significant increase in phosphorylation. These were validated by wes-
tern blot analysis of PCa cells (Fig. 4B-E). Similar to the antibody array,
there was a significant increase in GSK-3p%® =% phosphorylation in
CXCL16-treated PC3 cells at 15min, 30 min, 1 h, 2h and 4 h (Fig. 4B).
However, LNCaP and DU145 cells showed oscillatory pattern in GSK-
3B®r = phosphorylation (Fig. 4B). A similar pattern was observed for
NF-kB-p65©¢ =529 in CXCL16-treated LNCaP cells compared to un-
treated cells (Fig. 4D). However, CXCL16-treated PC3 cells showed
elevated NF-kB-p65° ~52% phosphorylation from 15 min to 1 h, which
decreased thereafter. Phosphorylation of NF-kB-p655 529 ip
CXCL16-treated DU145 cells increased after 1 h (Fig. 4D). Additionally,
a time-dependent increase in NF-kB-p65© =53 phosphorylation was
observed in CXCL16-treated PC3 and DU145 cells. LNCaP cells did not
show significant changes (Fig. 4E). Further, CXCL16 induced ERK1/
(Thr=202/Tyr=204) yhosphorylation in PC3 and DU145 cells, showed a
significant increase at 30 min and, in LNCaP cells, at 15 min (Fig. 4C).
In LNCaP cells, survivin expression increased immediately after CXCR6
stimulation; PC3 and DU145 cells showed delayed induction (Fig. 4B).
These results demonstrate that, in PCa cells, the CXCR6-CXCL16 axis
regulates pro-survival signals.

3.5. CXCR6 blockade enhances cytotoxic effect of DTX by reducing its
effective concentration

To establish if CXCR6 blockade has a synergistic or additive effect
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Fig. 2. CXCR6 and CXCL16 expres-
sion in response to DTX in prostate
cancer cells. PCa cells (LNCaP, PC3
and DU145) and non-cancerous im-
mortalized human prostate cell line
(RWPE-1) were treated with DTX
(40nM). mRNA transcripts in DTX
treated (m) or untreated (0) cells was
quantified by RT-qPCR and changes in
CXCR6 and CXCL16 mRNA transcript
copies per million 18S rRNA are shown
in Panel-A and -B, respectively.
Unpaired Students' t-test was used for
the statistical analysis. Askterisks (%,
p < 0.05; % %%, p < 0.001) show sta-
tistically significant difference between
DTX treated and untreated control.
CXCR6 and CXCL16 protein expression
in PCa cells and non-cancerous im-
mortalized human prostate cells
(RWPE-1), in response to DTX (40 nM)
treatment, was quantified by flow cy-
tometric analysis (Panel-C). Histograms
show CXCR6 or CXCL16 expression
with (m) or without (O0) DTX treatment.
Inset bar graphs are quantitative com-
parison of mean fluorescence intensities
(MFI) of CXCR6 or CXCL16 expression
in DTX treated (m) and untreated cells
(). MFI shown are the values obtained
after subtracting MFI of isotype con-
trols. Asterisk (%, p < 0.0001) shows
statistically significant difference be-
tween DTX treated and untreated con-
trol.
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Fig. 3. Docetaxel induced cleavage
of CXCL16, ADAM-10 expression and
NF-kB activation in prostate cancer
cells. ELISA showing soluble CXCL16
levels in conditioned media of LNCaP,
PC3, DU145 treated with DTX (40 nM)
for 48 h compared to untreated control
(Panel-A). Values are mean = SEM
from three independent experiments.
Multiple t-test using the Holm-Sidak
method was used to test the sig-
nificance, asterisks (%, p < 0.05) show
statistically significant difference be-
tween treated and untreated control.
Representative western blot images
showing change in ADAM-10 expres-
sion in LNCaP, PC3 and DU145 48h
after DTX (40 nM) treatment (Panel-B).
Quantified band intensity represents
fold change in ADAM-10 expression
after normalization with (-actin in the
bar graph. Asterisks (%%, p < 0.01,
* kK, p < 0.001, >k kK,
p = 0.0001) show statistically sig-
nificant difference between DTX-
treated and untreated control.
Phosphorylation of NF-kB at Ser-536
(Panel-C) and Ser-529 (Panel-D) in PCa
cells (LNCaP, PC3 and DU145) treated
with DTX (40 nM) for 48 h compared to
control is shown. Asterisks (%,
p=<0.05 %%, p=0.01, H*kx*,

pPC3 DU145 p = 0.001) show statistically sig-
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on DTX, median-effect plots and dose-effect curves were generated by
Calcusyn software using MTT assay data (Fig. 5). In PC3 cells, the cy-
totoxic effects of various DTX concentrations (20-, 40-, and 100 nM)
when combined with anti-CXCR6 (1 pg/ml) were significantly greater
than the effect of DTX alone (Fig. 5). Analysis of similar dose-effect
curves for LNCaP and DU145 cells showed greater effects only at 20-
and 100nM concentrations of DTX. For PC3 cells, the combination
index (CI) for DTX/anti-CXCR6 treatment, at multiple concentrations of
DTX (20-, 40-, and 100 nM), was below CI = 1, indicating a synergistic
association between the two drugs (Table 1). Strong synergism was
observed at 20- and 40 nM DTX, and there was moderate synergism at
100 nM DTX. Similarly, LNCaP cells showed strong synergism at 20-
and 40nM DTX (Table 1). However, CI values for DU145 cells re-
presented nearly additive effects at 20- and 40 nM DTX, when CXCR6
was blocked (Table 1). Correlation of CI values with synergistic, ad-
ditive, or antagonistic association between two drugs is represented in
Supplementary Table 1. Further, the increase in cytotoxic effect of DTX

OUT EDTX (40nM)

*k

PC3 DU145

after CXCR6 blockade was quantified as the drug reduction index (DRI)
(Table 1). The DTX concentration required to show ~50% cytotoxic
effect (Fa = 0.5) was reduced by ~4-fold, ~2-fold, and ~1.6-fold for
PC3, LNCaP and DU145 cells, respectively (Table 1). Overall, these
findings show that CXCR6 blockade enhances efficacy of DTX sy-
nergistically/additively.

4. Discussion

Docetaxel (DTX), often used to treat advanced PCa with palliative
intent, provides modest survival benefits in castration-resistant disease
and moderate survival benefits in hormone-sensitive disease, but these
effects are associated with toxicities. Therefore, optimizing the ther-
apeutic index by developing tolerable and synergistic combinations is
imperative. Under chemotherapeutic pressure, cancer cells thrive either
by developing a resistant phenotype [45,46] or by clonal expansion of a
resistant phenotype [47]. Hence, a better understanding of DTX-
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Fig. 4. CXCL16 induced molecular signals responsible for undermining cytotoxic effect of DTX on prostate cancer cells. Heat map shows phosphorylation
status of signaling molecules in PCa cells 15 min after CXCL16 treatment (Panel-A). Phosphorylated to unphosphorylated protein (P/N) ratios were calculated from
the intensity values. Red represents increase and green represents decrease in phosphorylation as shown in the intensity bar below the hear map. Change in
phosphorylation status of GSK-3p5e =%, ERK1/2(Ths ~202/Tyr=208) ' NE B 655 ~529) NF-kB-p655° =53¢ are shown in Panel-B, -C, -D and E; change in survivin
expression in LNCaP, PC3 and DU145 cells treated with CXCL16 is also shown in Panel-B. Band intensity was quantified by imageJ and normalization was done with
B-actin band intensity. Fold change in expression or phosphorylation is shown in bar graph. Asterisks represent statistically significant difference (%, p < 0.05, % %,
p < 0.01, %% %, p < 0.001) between CXCL16-treated and untreated control. Same loading control was used for the blots, which were stripped and re-probed with
another antibody. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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Fig. 5. Effect of CXCR6 blockade on DTX response. PCa cells were treated with increasing concentrations of DTX (20, 40 and 100 nM) either alone or in
combination with anti-CXCR6 (1 pg/ml) for 48 h. Calcusyn software was used to generate dose-effect curve, median-effect plots and combination index (CI).
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Table 1

Combination index (CI) and dose reduction index (DRI) values for prostate
cancer cells treated with different concentration of DTX and fixed concentration
of anti-CXCR6 antibody.

Cell line DTX aCXCR6 (ng/ Fa' cr® DTX alone DRI
(nM) mL) (nM)

LNCaP 20 1000 0.3526 0.699 33.44 1.672
40 1000 0.5137 0.513 82.84 2.071
100 1000 0.5325 1.115 91.85 0.919

PC3 20 1000 0.5928 0.315 203.22 10.161
40 1000 0.5741 0.456 183.21 4.580
100 1000 0.5739 0.785 183 1.830

DU145 20 1000 0.4059 1.052 34.15 1.708
40 1000 0.4964 0.998 65.28 1.632
100 1000 0.5836 1.143 121.52 1.215

2 Represents fraction of cells affected.

b Represents combination index (CI), a quantitative representation of the
pharmacological interactivity between DTX (D1) and anti-CXCR6 (D2) anti-
body, which factors in both the potency (Dm) and the shape of the dose-effect
curve. CI is derived from the formula CI = (D)1/(Dx)1 + (D)2(Dx)2 + (D)1(D)
2/(Dx)1(Dx)2, where (Dx)1 and (Dx)2 are the concentrations for Drug 1 (DTX)
and Drug 2 (anti-CXCR6 antibody) separately, resulting in X% inhibition, and
(D)1 and (D)2 the concentrations of the respective drugs in combination, re-
sulting in the same percentage inhibition. The CI quantitatively defines syner-
gism as CI < 1, additive effect as CI = 1 and antagonism as CI > 1. The dose-
reduction index (DRI) is a measure of how much the dose of each drug in a
synergistic combination may be reduced at a given effect level compared with
the doses for each drug alone, and is calculated by the equation (DRI)Drug A =
(Dx)Drug A/(D)Drug A.

induced molecular changes is needed to develop effective treatment
options for advanced PCa.

Clinical trials conducted on high-risk, localized and metastatic PCa
showed differential therapeutic outcomes in response to DTX [48-52].
Inclusion of DTX with androgen-deprivation therapy increases overall
survival of patients with metastatic, hormone-sensitive PCa [48]. The
combination is less effective for metastatic, castration-resistant, and
early non-metastatic cancer [49-52]. Thus, different states of PCa ex-
hibit contrasting sensitivity to DTX and underlying molecular sig-
natures could serve as putative prognostic biomarkers for DTX re-
sponse. In this regard, our laboratory has shown higher expression of
CXCR6 in PCa cells compared to immortalized prostate epithelial cells
as well as increase in CXCL16-driven metastatic potential [25]. Our
data showed reduced cytotoxic potential of DTX after CXCL16 treat-
ment; blocking CXCR6 with anti-CXCR6 prior to DTX treatment en-
hanced the response to DTX. Additionally, in response to DTX, our data
also showed increase in CXCR6 and CXCL16 in PCa cells, but not in non-
cancerous immortalized prostate cells. This implies that PCa cells re-
duce the DTX response by overexpressing CXCR6 and CXCL16.

Signaling initiated by membrane-bound CXCL16 is anti-oncogenic
whereas the cleaved or soluble form (sCXCL16) is pro-oncogenic
[17,25,53]. Higher levels of sCXCL16 in the DTX-treated conditioned
media suggest that DTX affects PCa outcomes negatively via autocrine
activation of CXCR6-CXCL16 signaling. ADAM-10 that was elevated in
response to DTX regulates the bioavailability of CXCL16 and TNF-a
[41,54-56]. TNF-a and CXCL16 can mutually upregulate each other
[34,41,57,58]; however, this regulation requires involvement of NF- kB
that, together with Stat3, controls cytokines- and chemokine-encoding
genes [59,60]. Our data showed phosphorylation of NF-kB-p655¢ ~53¢:
Ser=529) in response to DTX. Phosphorylation of these sites leads to
transcriptional activation of NF-kB. DTX-induced transcriptional acti-
vation of NF-«xB increases HIF-1a [43,61] (Summarized in Fig. 6) and
activates X-box-binding protein (XBP)-1 [62,63]. Both HIF-1a and XBP-
1 are inducers of ADAM10 [42]. This could be the case for PC3 cells,
which showed increased NF-kB-p655°~529/536) phosphorylation and
hence activation in response to DTX. CXCL16 treatment also enhanced
NF-kB phosphorylation, implying that the DTX-induced NF-kB-p65
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activation could be via activation of the CXCR6-CXCL16 axis. The time-
dependent oscillations in NF-kB-p655° ~52%/536) phosphorylation in-
duced by CXCL16 could have important implications in controlling the
dynamics of target gene transcription [64]. Unlike phosphorylation of
NF-kB-p65©¢ =529 phosphorylation at Ser-536 serves a dual role of
promoting its transactivation as well as its proteasomal degradation
[65]. This suggests a CXCL16-regulated feedback mechanism for NF-xB
activation in PCa cells. External stimuli such as TNFa and IL-1f induce
NF-kB-p65©¢" =529 phosphorylation via CKII, which increases its tran-
scriptional activity [66-68]. TNFa could also cause IKKB-mediated
phosphorylation of NF-kB-p655 ~>3®) leading to its enhanced tran-
scriptional output [69]. These results corroborate that DTX treatment
turns on a positive feed-forward loop between CXCL16-NF-kB-TNF-a
via ADAM-10 that increases CXCR6 signaling by cleaving membrane-
bound CXCL16.

Activated NF-kB exerts its oncogenic potential by inhibiting apop-
tosis [70,71] and supporting cell proliferation [72], migration, and
invasion [73] (Fig. 6). Further, NF-kB, along with Stat3, regulates anti-
apoptotic and cell cycle genes, including C-myc, cyclin D1, Bcl-2, Bcl-
xL, COX2, and survivin (Summarized in Fig. 6), which are also related
to chemo-resistance [35,74-77]. It also inhibits p53-mediated tran-
scriptional activation [78]. NF-kB also regulates the expression of multi-
drug resistance gene, mdrl [74,79], and is involved in resistance to
chemotherapy [80]. Thus activation of NF-kB, as observed after DTX as
well as CXCL16 treatment, could reduce the cytotoxic effect of DTX in
PCa.

Our data also show that CXCR6 activates ERK1/2, which promotes
tumor progression and drug resistance [81,82] by regulating the Bcl-2
family of proteins, reducing p53 activity, and regulating ABCB1 ex-
pression [82-85]. Further, ERK1/2 phosphorylation confers chemore-
sistance by increasing HIF-1a-dependent activation of the ABCG2 drug
transporter [86]. Our data also showed a time-dependent increase in
GSK-3p®" =9 phosphorylation following CXCL16 treatment. Phos-
phorylation of GSK-3p** =2 confers cisplatin resistance by stabilizing
p53 in ovarian cancer [87]. It also regulates the kinase activity of GSK-
3B. Dephosphorylated GSK-3f inhibits pro-survival factors and acti-
vates pro-apoptotic transcription factors [88-90]. However, phos-
phorylated GSK-3p allows stabilization and nuclear translocation of 3-
catenin and thereby regulates various tumorigenic effects by activating
Wnt/B-catenin pathways [91-95]. Further, dephosphorylated GSK-3f3
increases CRE transcriptional activity necessary for cell differentiation
and suppression of cell growth [88]. Therefore, for cells to proliferate
extensively, the level of dephosphorylated GSK-3f should be low. The
constitutively higher phosphorylation of GSK-3p5"~9 at all time-
points, in CXCL16-treated PC3 cells could be attributed to its higher
aggressive behavior compared to LNCaP and DU145 cells. Thus, DTX
activates CXCR6 by inducing CXCL16 release and makes cancer cells
more resistant to death.

One of the pleiotropic roles of p-NF-kB-p655e ~52%/536) 1, FRK1/2,
and p-GSK-3p%~? is modulation of expression and subcellular re-
distribution of survivin [96-98]. Expression of survivin varied tempo-
rally and in a cell-specific manner after CXCL16 treatment of PCa cells.
In PC3 cells, survivin expression decreased initially followed by an in-
crease, suggesting that the inhibitory role of p-NF-kB-p65©< =53¢ pre-
dominated after CXCR6 activation but was subsequently subverted by
p-GSK-3p" %, However, survivin expression in LNCaP and
DU145 cells coordinated with the activation status of the above-men-
tioned upstream effector molecules, which could be independent of p-
NF-kB-p65©¢ =538 This point needs further investigation. This is a
notable finding, as, in addition to having roles in apoptosis, mitosis, and
angiogenesis, survivin is involved in resistance to various drugs
[99-105].

Our data show that DTX and anti-CXCR6 antibody had a synergistic
anti-cancer effect on PC3 and LNCaP cells and an additive effect on
DU145 cells. Since the effect of blocking CXCR6-CXCL16 signaling be-
fore DTX treatment was synergistic for p53-null (PC3) and wild-type
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Fig. 6. Model showing contribution of CXCR6-CXCL16 axis in overcoming the effect of DTX. In response to DTX, PCa cells up-regulate CXCR6, CXCL16 and
ADAM-10. ADAM-10 promotes CXCL16 cleavage. These changes together hyper-activate CXCR6-CXCL16 axis. TNFa, which could be regulated by ADAM-10 and
CXCL16, leads to NF-kB activation by TRAFs (TNF-receptor associated factors) and NIK (NF-kB-inducing kinase). NIK also activates IKKa and Erk1/2. Activation of
IKK complex leads to phosphorylation of IkB and enhances its proteasomal degradation. Free NF-kB subunits are then phosphorylated and translocate to the nucleus
where they form homo- or heterodimers and increase cxcr6, cxcll16, and adam-10. Hyper-activated CXCR6-CXCL16 signaling a) supports epithelial to mesenchymal
transition via Wnt/Bcatenin pathway by affecting GSK3f activation and p-catenin stability and b) decreases apoptosis and enhances proliferation by affecting ERK1/
2 activation, processing and trans-activation of NFkB resulting in over-expression of survivin as well as other anti-apoptotic and pro-survival molecules in concert

with Stat3.

(LNCaP) PCa cells but additive for p53-mutated (DU145) cells, it ap-
pears that the effects of this combination treatment depends on the
differential CXCR6 signaling supporting cell survival and apoptosis.
Nonetheless, blocking CXCR6 has potential to improve the therapeutic
efficacy of DTX in PCa.

In summary, our current findings show that the CXCR6-CXCL16 axis
supports PCa cell survival and inhibits apoptosis and, that PCa cells

10

reprogram their cellular machinery to overcome the response to DTX by
activating CXCR6-CXCL16 axis. Since this axis was not affected in non-
cancerous immortalized prostate cells by DTX, targeting CXCR6 could
reduce the effective DTX dose and therefore reduce toxicity. Our work
explicitly points out the relevance of CXCR6-CXCL16 axis in therapeutic
outcomes for PCa.
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