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Figure 3. Changes in Ca 3.2 mRNA and protein expression following stim-
ulation of LNCaP cells with bicalutamide or hormone-depleted media. (A,
B) Changes in the expression of Ca 3.2 mRNA in LNCaP cells treated with
bicalutamide or hormone-depleted media for 4 days (A, n=4) or over a 10
day-period (B, n=5). Induction of NED with hormone-depleted media but
not bicalutamide promotes the expression of Ca 3.2 mRNA. (*P<0.05 vs.
control, **P<0.05 vs. bicalutamide 20 uM-stimulated cells). (C) Ca 3.2 pro-
tein expression in whole cell lysates following stimulation with bicalutamide
(10-20 uM) or hormone-depleted media (cs-FBS) for 10 d. Co-stimulation
with IL-6 (50 ng/mL)+FSK (50 uM) or sodium butyrate (NaBu, 1 mM) for 10
d was used as a positive control. To confirm equal loading, membranes were
stripped following Ca 3.2 immunoblot and reprobed for tubulin expression.
Ratio of Ca 3.2 to tubulin expression was determined by densitometry anal-
ysis (n=6). Inset: Representative example of immune-detection of Ca 3.2
and tubulin collected from LNCaP cells before and after 10 d stimulation
with bicalutamide, hormone-depleted media, IL-6+FSK, and NaBu. Note
that stimulation of LNCaP cells with bicalutamide or hormone-depleted
media promotes Ca 3.2 protein expression. (D) Changes in the membrane
expression of Ca 3.2 proteins following stimulation of LNCaP cells with 20
MM bicalutamide or hormone-depleted media for 10 d. Ca 3.2 membrane
expression was assessed following biotinylation of membrane proteins.
To confirm that equal amounts of proteins were used for the pull down of
biotinylated proteins we probed for ATPase. Ratio of biotinylated Ca 3.2 to
ATPase expression was determined by densitometry analysis (n=4). Inset:
Representative example of western blot data of biotinylated samples follow-
ing stimulation of LNCaP cells with 20 uM bicalutamide, hormone-depleted
media, and 1 mM NaBu for 10 d.

media generate changes in
Ca 3.2 mRNA expression we
performed PCR analysis (Fi-
gure 3A, 3B). Initially, we mea-
sured changes in Ca 3.2 mRNA
expression following 4 d stim-
ulation with bicalutamide (10
and 20 uM) or hormone-de-
pleted media. We also asse-
ssed changes in Ca 3.2 mRNA
expression after 10 d stimula-
tion of LNCaP cells with bicalu-
tamide (10 and 20 uM) since
the effect of bicalutamide may
show some delay, resulting in
long lasting changes in cell dif-
ferentiation. As represented in
Figure 3A, real time PCR analy-
sis indicates that there are no
significant changes in the le-
vel of expression of Ca 3.2
transcripts between non-stim-
ulated (control) and bicalu-
tamide-stimulated cells after
4 d treatment. Similarly, in sa-
mples stimulated with bicalu-
tamide (10 and 20 pyM) for 10
d there were no significant
changes in Ca 3.2 mRNA ex-
pression (Figure 3B). However,
we observed a significant in-
crease in Ca 3.2 mRNA expres-
sion in LNCaP cells stimulated
with hormone-depleted media
at 4 and 10 d (Figure 3A, 3B).

To determine whether stimula-
tion of LNCaP cells with bicalu-
tamide or hormone-depleted
media alters Ca 3.2 protein
expression, we performed we-
stern blot analysis using a
specific antibody against the
Ca 3.2 channel subunit (see
Methods). LNCaP cells were
also stimulated with [L-6+FSK
or NaBu because these condi-
tions evoke significant expres-

Effect of androgen receptor signaling on
Ca 3.2 T-type Ca>* channel expression in LN-
CaP cells

To determine whether stimulation of LNCaP
cells with bicalutamide or hormone-depleted
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sion of Ca 3.2 proteins as previously reported
[14, 15]. First, we tested whether stimulation
of LNCaP cells with bicalutamide or hormone-
depleted media altered Ca 3.2 protein expres-
sion in whole cell lysates (Figure 3C). Ca 3.2
protein expression following treatment of LN-
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Figure 4. Functional expression of T-type Ca?* currents in LNCaP cells treat-
ed with bicalutamide or hormone-depleted media for 4-10 days. A. Char-
acteristics of the transient Ca?* currents generated by a membrane step
protocol. The voltage step protocol consisted of voltage steps from a holding
potential of -100 mV to +40 mV and is shown below the current trace. B.
Representative traces of the inward Ca?* current generated by a 750 ms-
depolarizing voltage ramp from -100 mV to +80 mV. C. Voltage-dependence
of the normalized T-type Ca?* currents generated in LNCaP cells following
treatment with bicalutamide (n=4). D. Changes in cell capacitance in LNCaP
cells cultured under different conditions and for various periods of time.
The number of cells analyzed under each condition is presented above
each bar. E. Plots of the number of T-type Ca?* current expressing cells as
a function of cell densities. Note that control cells did not express T-type
Ca?* currents. Approximately 20% of LNCaP cells treated with bicalutamide
or hormone-depleted media express T-type Ca?* currents. Current densities
were obtained by dividing current amplitude at -10 mV by cell capacitance.

10 d-stimulation of LNCaP
cells with 20 pM bicalutamide
evoked a noticeable increase
in the expression of Ca 3.2
protein as indicated by the
presence of a band with a re-
lative molecular weight of ~
260 kD (Figure 3C inset). A
similar band was also detect-
ed in LNCaP cells stimulated
with hormone-depleted media
for 10 d. We should point out
that co-stimulation of LNCaP
cells with IL-6+FSK or expo-
sure to NaBu for 10 d caused
a greater increase in Ca 3.2
expression compared to that
obtained with bicalutamide
(20 pM) or hormone-depleted
media. These findings are con-
sistent with our previous work
indicating that stimulation of
LNCaP cells with IL-6+FSK or
NaBu for 4 d is sufficient to
evoke a significant increase in
Ca 3.2 protein expression [14,
15]. Lack of Ca 3.2 protein ex-
pression was not due to the
lack of protein in the samples
as assessed by the presence
of tubulin (Figure 3C). The lev-
els of tubulin expression ac-
ross all treatment conditions
was not significantly different
compared to non-stimulated
controls (results not shown).

To assess whether bicaluta-
mide and hormone-depleted
media promote Ca 3.2 protein
expression in the membrane,
we performed immunoblot an-
alysis of biotinylated membr-
ane proteins (Figure 3D). Sti-

CaP cells with bicalutamide (10 and 20 pM)
for 4 d was not detected (results not shown).
Therefore, we tested whether long-term expo-
sure to bicalutamide had an effect on Ca 3.2
protein expression. As represented in Figure
3C (inset), immunoblot analysis indicates that
Ca, 3.2 expression was absent in non-stimulat-
ed cells cultured for 10 d. Treatment of LNCaP
cells with 10 uM bicalutamide for 10 d had no
effect on Ca 3.2 protein expression. However,

739

mulation of LNCaP cells with bicalutamide (20
pUM) or hormone-depleted media for 10 d ca-
used a significant increase in the membrane
expression of Ca 3.2 proteins (Figure 3D,
inset). Lack of Ca 3.2 protein expression in
non-stimulated cells was not due to the lack of
protein in the samples as assessed by the
presence of ATPase (Figure 3D, inset). The ratio
of Ca 3.2 to ATPase indicates that treatment
of LNCaP cells with bicalutamide (20 uM) or
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Figure 5. Influence of bicalutamide or hormone-de-
pleted media on T-type Ca?' channels in regulating
the neurite-like morphology of LNCaP cells. (A, B)
Effect of Ni** ions (NiCl,, 100 uM) or NNC 55-0396
(5 uM) on total neurite-like length (A) and average
number of primary processes per cell (B) in LNCaP
cells stimulated with bicalutamide or hormone-de-
pleted media for 10 d. Stimulation of LNCaP cells
with bicalutamide or hormone-depleted media for 10
d evoked a significant increase in total neurite-like
length (A) and average number of primary processes
per cell (B) compared to non-stimulated cells. Inhi-
bition of T-type Ca?* channels with Ni?* ions or NNC
55-0396 evokes a significant decrease in the total
neurite-like length and average number of primary
processes per cell. The number of cells analyzed
under each condition is represented above each bar
(*P<0.05 vs. non-stimulated control cells; **P<0.05
vs. bicalutamide-stimulated cells; ***P<0.05 vs.
treatment with hormone-depleted media; ns, P>0.05
vs. bicalutamide-stimulated cells).

hormone-depleted media caused a consider-
able increase in of Ca 3.2 membrane protein

740

expression when compared to the non-stimu-
lated controls (Figure 3D). ATPase expression
was similar under the relevant conditions
(results not shown).

Whole cell recordings (Figure 4) were conduct-
ed to evaluate whether increased Ca 3.2 pro-
tein expression leads to increased functional
T-type Ca?* channels in the membrane. Calcium
ion currents were isolated by substitution of
sodium ions with external tetraethylammoni-
um, where outward potassium ion currents
were blocked with cesium ions in the pipette
solution. Macroscopic calcium ion currents
were produced by a series of 200 ms depolar-
izing steps from a holding potential of -100 mV
to +80 mV (Figure 4A, stimulation protocol is
represented in Figure 4A, lower traces). T-type
Ca?* currents were also prompted by a 750 ms-
voltage ramp from -100 mV to +80 mV (0.24
V/s, stimulation protocol is represented in
Figure 4B lower trace). Whole cell recordings
of LNCaP cells stimulated with 20 yM bicalu-
tamide for > 10 d reveal the presence of tran-
sient inward calcium ion currents (Figure 4A,
4B) while no T-type Ca?* currents were apparent
in LNCaP cells stimulated with bicalutamide
for 4 d (results not shown). Inward currents
underwent rapid inactivation within 100 ms
after application of a depolarizing voltage step
(Figure 4A). The current-voltage relationship
reveals that the transient component was acti-
vated at potentials between -30 and -20 mV
and reached a peak at -10 mV (Figure 4C).
There were no changes in the capacitance val-
ues of LNCaP cells treated with bicalutamide
or hormone-depleted media between 4 and
10 d (Figure 4D). Typical Ca?* current densities
of LNCaP cells treated with bicalutamide or
hormone-depleted media are represented in
Figure 4E. Overall, culture of LNCaP cells with
bicalutamide or hormone-depleted media re-
sulted in the expression of inward currents in
~20% of all recorded cells (Figure 4E). No
inward currents were detected in non-stimulat-
ed LNCaP cells (Figure 4E). These results de-
monstrate that long-term treatment of LNCaP
cells with 20 uM bicalutamide results in the
functional expression of T-type Ca?* channels.

Effect of T-type Ca?* channel expression on the
morphological differentiation and viability of
LNCaP cells

Increased functional expression of T-type Ca?*
channels regulates the morphological differen-
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tiation and viability of LNCaP cells undergoing
NED [14, 15]. Therefore, it was of interest to
assess whether bicalutamide (or hormone-
depleted media treatment)-evoked expression
of T-type Ca?* channels also regulates the mor-
phological differentiation and viability of LN-
CaP cells. Changes in the morphological differ-
entiation of LNCaP cells due to increased
expression of T-type Ca?* channels was investi-
gated in LNCaP cells exposed to bicalutamide
(20 uM) or hormone-depleted media for 10 d
(in order to induce the functional expression of
T-type Ca?* channels), followed by 2 d treat-
ment in the presence or the absence of the
T-type Ca** channel blockers, NiCl, (100 pM) or
NNC 55-0396 (5 uM). Low concentrations of
Ni2* ions (< 100 uM) selectively block T-type
Ca®* currents generated by Ca 3.2 subunits
[26, 27], whereas NNC 55-0396 is also a
potent blocker of T-type Ca?" channels [28].
Changes in the morphological differentiation of
LNCaP cells were assessed by measuring the
total length and average number of neurite-like
processes per cell. Stimulation of LNCaP cells
with bicalutamide (20 uM) or hormone-deplet-
ed media for 10 d resulted in a significant
increase in the total neurite-like length and
average number of processes compared to
non-stimulated cells (Figure 5A, 5B). Inhibition
of T-type Ca** channel activity with NiCl, or NNC
55-0396 for 2 d had a significant effect on the
neurite-like outgrowth. Inhibition of T-type Ca2*
channel activity with 100 uM Ni?* or 5 uM NNC
55-0396 caused a significant reduction in the
total length of neurite-like processes of LNCaP
cells stimulated with bicalutamide or hormone-
depleted media (Figure 5A). NNC 55-0396 also
caused a significant reduction in the average
number of processes per cell stimulated with
bicalutamide or hormone-depleted media, wh-
ereas the effect of 100 uM Ni?* on the average
number of processes per LNCaP cell was only
observed when cells were stimulated with hor-
mone-depleted media (Figure 5B).

To assess whether bicalutamide-induced ex-
pression of T-type Ca?* channels has a signifi-
cant effect on cell proliferation, changes in cell
viability were assessed using the XTT assay
(see Methods). We also sought to determine
whether bicalutamide-induced expression of
T-type Ca?* channels would increase the resis-
tance of LNCaP cells to treatment with the
microtubule-disrupting agent docetaxel (DTX).
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LNCaP cells were treated with bicalutamide (20
puM) for 4 or 10 d in order to evoke the expres-
sion of T-type Ca?* channels (Figure 6A, 6B).
After a 4 d- or 10 d-exposure to bicalutamide,
cells were treated with docetaxel (DTX 100-
1000 nM) for an additional 2 d. In non-stimulat-
ed or cells treated with 20 uM bicalutamide for
4 d, DTX caused a significant reduction in cell
viability, especially at concentrations = 500 nM
(Figure 6A). However, in cells treated with 20
MM bicalutamide for 10 d, DTX exposure did not
evoke any further effect on cell viability, where-
as non-stimulated cells cultured for 10 d con-
tinued to respond to DTX treatment (Figure 6B).
These findings suggest that long-term bicalu-
tamide treatment increases the resistance of
LNCaP cells undergoing NED to DTX. To investi-
gate the possibility that the expression of fun-
ctional T-type Ca?* channels contribute to the
viability of bicalutamide-treated LNCaP cells
they were treated with bicalutamide (20 uM) for
4 or 10 d (Figure 6C, 6D). After this period, cells
were treated for 2 d with 100 yM Ni?* or 5 uM
NNC 55-0396 in the presence or absence of
docetaxel (DTX, 500 nM). As represented in
Figure 6C, inhibition of T-type Ca?* channels
with Ni?* or NNC 55-0396 did not have an
effect on the viability of LNCaP cells pre-treated
with bicalutamide for 4 d, consistent with the
lack of Ca 3.2 protein and functional T-type
Ca?* channels at this stage. However, co-treat-
ment with the DTX and the T-type Ca?* channel
inhibitors causes a significant reduction in cell
viability. The opposite findings were observed in
cells cultures treated with 20 uM bicalutamide
for 10 d. Under this condition, inhibition of
T-type Ca?* channels with Ni** or NNC 55-0396
caused a significant reduction in the viability of
LNCaP cells exposed to 20 uM bicalutamide for
10 d (Figure 6D). However, co-treatment with
the DTX and the T-type Ca?* channel inhibitors
had no further effect on cell viability. These
findings suggest that increased T-type Ca?
channel expression after long term exposure to
bicalutamide regulates the viability of LNCaP
cells.

Effect of androgen receptor signaling on
Ca 3.2 T-type Ca®* channel expression in
22Rv1 cells

To assess whether disruption of androgen-

receptor signaling also alter the properties of
other prostate cancer cells we use the 22Rv1

Am J Cancer Res 2018;8(4):732-747
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Figure 6. Effect of the microtubules-disrupting drug docetaxel (DTX) on the LNCaP cell viability following bicalu-
tamide treatment for 4-10 d. (A, B) DTX evokes a significant reduction in the viability of control and bicalutamide-
treated cells (4 d, A). In cultures treated with bicalutamide for 10 d, increasing concentrations of DTX had no effect
on cell viability (B). In these experiments, LNCaP cells were treated with 20 yM bicalutamide for 4 or 10 d (A and B,
respectively). After this period, cells were exposed to DXT (100-1000 nM) for 2 d. Cell viability was determined by
the XTT assay at the end of the 6 or 12 d treatment period [ns=no significant, *P<0.05 vs. control cells (not treated
with bicalutamide), **P<0.05 vs. bicalutamide 20 uM-treated cells, n=16]. (C, D) Inhibition of T-type Ca?* channels
causes a significant reduction in LNCaP cell viability when stimulated with bicalutamide for 10 d, but not after 4 d
treatment. In these experiments, LNCaP cells were treated with 20 uM bicalutamide for a period of 4 or10 d in order
to evoke T-type Ca?* channel expression (C and D, respectively). After this period, cells were exposed to 100 uM Ni2*
jons or 5 uM NNC 55-0396 DXT with or without DTX (500 uM). Inhibition of T-type Ca?* channels with 100 uM Ni?*
ions or 5 yM NNC 55-0396 causes a significant reduction in the viability of bicalutamide-treated cell cultures for 10
d [ns=no significant, *P<0.05 vs. control cells (not treated with bicalutamide), **P<0.05 vs. bicalutamide-treated
cells, ***P<0.05 vs. cells co-treated with bicalutamide and 100 uM Ni?* ions or 5 uM NNC 55-0396, n=12].

cell line, derived from a primary prostate tumor gens [29]. Like LNCaP cells, 22Rv1 cells also
[29]. Although 22Rvl cells do not require express androgen receptors at the protein level
androgens for growth, they can exhibit in- [29]. Since little is known regarding the effect
creased proliferation in the presence of andro- of neuroendocrine factors in inducing morpho-
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Figure 7. Effect of androgen receptor signaling on the morphology and T-type Ca?* channel expression of 22Rv1
cells. (A-D) Cell morphology of untreated 22Rv1 cells (control, A), following 4 d treatment with IL-6+FSK (B), bicalu-
tamide (20 uM, C), or hormone-depleted media (D). Note that treatment with IL-6+FSK, bicalutamide or hormone-
depleted media has minimal effect on cell morphology. (E) Effect of IL-6+FSK, bicalutamide or hormone-depleted
media on the viability of 22Rv1 cells (n=8, *P<0.05 vs. non-stimulated controls). (F) Changes in Ca 3.2 protein
expression in whole cell lysates following 22Rv1 stimulation with IL-6+FSK or hormone-depleted media (n=5). Inset:
Representative example of immune-detection of Ca 3.2 and tubulin in 22Rv1 cells before and after 10 d stimulation
with IL-6+FSK or hormone-depleted media. Note that stimulation of 22Rv1 cells with IL-6+FSK or hormone- -depleted
media promotes Ca 3.2 protein expression.

logical changes in 22Rv1 cells, cultures were Discussion

treated with IL-6+FSK, bicalutamide (20 puM)

or hormone-depleted media for 4 d. As repre- This work was undertaken to assess whether
sented in Figure 7A-D, treatment of 22Rv1 ce- disruption of androgen signaling promotes the
lls with IL-6+FSK, bicalutamide (20 uM) or hor- NED of LNCaP cells and whether this effect is
mone-depleted media has a minimal effect on correlated with increased expression of T-type
cell shape with the majority of cells still pos- Ca?* channels. LNCaP cells have been exten-
sessing a polygonal morphology. To further sively used as a model to investigate the role
characterize how these treatments may affect of various factors in the induction of NED [24,
cell proliferation we performed the XTT assay 30, 31]. In vivo experiments have also demon-
(Figure 7E). Treatment of 22Rv1l cells with strated that LNCaP cells share similar charac-
IL-6+FSK or bicalutamide (20 pM) had no effect teristics to those of adenocarcinomas, includ-
of cell viability. However, exposure of 22Rv1 ing growth inhibition by androgen depletion
cells to hormone-depleted media caused a sig- therapies [32]. Although the present work de-
nificant reduction in cell proliferation that was monstrates that disruption of androgen recep-
not further enhanced by treatment with bicalu- tor signaling evokes the molecular and func-
tamide. Furthermore, treatment of 22Rv1 with tional expression of T-type Ca?* channels in the
IL-6+FSK or hormone-depleted media evoked a androgen-dependent LNCaP cell line, the over-
significant increase in the expression of Ca 3.2 all clinical significance of this finding in the pro-
channel protein. gression of prostate cancer requires further
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studies, particularly in patients undergoing
androgen-ablation therapy.

Our present results indicate that disruption of
androgen receptor signaling in LNCaP cells with
bicalutamide or hormone-depleted media for 4
or 10 d evoke considerable morphological and
biochemical changes consistent with the induc-
tion of NED including the development of neu-
rite-like processes and the expression of sev-
eral neuroendocrine markers including tubulin
IlIB and neurotensin. These results are consis-
tent with previous findings demonstrating
increased expression of neurotensin following
long-term exposure of LNCaP cells to bicalu-
tamide [21]. Interestingly, our present results
reveal significant differences in the differentia-
tion program triggered by treatment of LNCaP
cells with 10 and 20 uM biculatamide. The
lower concertation of biculatamide evokes
morphological changes without any molecular
changes, including no change in tubulin B
expression. On the contrary, treatment of
LNCaP cells with 20 uM biculatamide evokes
both morphological changes and increased
expression of tubulin I during a 4 d-stimula-
tion period. It is possible that morphological dif-
ferentiation occurs at a faster rate than mole-
cular differentiation. Thus, molecular differen-
tiation may require longer exposure time in
order to develop under our experimental condi-
tions. We should also mention, that the expres-
sion of some differentiation features is time-
dependent. For example, morphological diffe-
rentiation and tubulin IlIf expression occurs
within 4 d stimulation with bicalutamide or
hormone-depleted media, whereas increased
expression of neurotensin transcripts only
occurs in hormone-depleted media. Furthe-
rmore, there were some differences in the te-
mporal pattern of expression of neurotensin
and morphological changes following treat-
ments with bicalutamide or hormone-deplet-
ed. Treatment of LNCaP cells with hormone-
depleted media, but not bicalutamide, results
in significant morphological and biochemical
changes consistent with NED, including the
development and lengthening of neurite-like
processes and the expression of differentia-
tion markers [present results; 12, 18, 33].
These findings indicate that bicalutamide and
hormone-depleted media do not trigger identi-
cal differentiation programs.

744

Disruption of androgen receptor signaling with
bicalutamide or hormone-depleted treatments
evokes the expression of T-type Ca?* channels
in LNCaP cells undergoing NED. Thus, stimula-
tion of LNCaP cells for > 10 d with bicalutamide
or hormone-depleted media induces a signifi-
cant expression of the Ca 3.2 T-type Ca** chan-
nel subunit, resulting in functional channels in
the membrane as determined by whole cell
recordings. However, the level of protein expres-
sion of T-type Ca?' channels produced in res-
ponse to disrupting androgen receptor function
is significantly less than that produced by
IL-6+FSK or NaBu-treatments. Similarly, treat-
ment of 22Rv1 cells for 10 d with IL-6+FSK or
hormone-depleted media induces a significant
increase in Ca 3.2 protein expression. However,
differently from LNCaP cells, treatment with
IL-6+FSK or hormone-depleted media had a
minimal effect on the morphological differenti-
ation of 22Rv1 cells. Although stimulation of
LNCaP cells with bicalutamide or hormone-
depleted media induces a significant increase
in Ca 3.2 protein expression, functional T-type
Ca?* channels were only detected in ~20% of
recorded cells. We previously reported that
approximately 40-50% of LNCaP cells stimu-
lated with IL-6+FSK or NaBu express fu-
nctional T-type Ca?* channels after 4 d treat-
ment [14, 15]. We should mention that one limi-
tation of our whole cell recordings is incomplete
clamping of distal neurite-like processes. Thus,
it is possible that we underestimated the extent
of differentiated LNCaP cells expressing func-
tional T-type Ca?* channels, which may be pref-
erentially localized in distal processes, farther
away from the cell body.

It appears that the protein expression of the
Ca 3.2 T-type Ca®* channel subunit is regulated
post-transcriptionally in LNCaP cells treated
with bicalutamide, since no changes in Ca 3.2
MmRNA were detected within a 4-10 d stimula-
tion period. On the contrary, hormone-deple-
tion evokes a significant increase in Ca 3.2
mRNA after 4 d treatment, which is consistent
with previous findings [34]. Thus, different from
the effect of bicalutamide, treatment of LNCaP
cells with hormone-depleted media appears to
upregulate Ca 3.2 expression at the transcrip-
tional level. Therefore, our data indicate that
Ca 3.2 T-type Ca** channel subunit expression
can be regulated by transcriptional or post-tran-
scriptional mechanisms in LNCaP cells under-

Am J Cancer Res 2018;8(4):732-747
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going NED. We have also described different
regulatory mechanisms in Ca 3.2 protein ex-
pression following stimulation with IL-6 and
NaBu [14, 15]. Furthermore, functional expres-
sion of T-type Ca?* channels in the membrane is
also influenced by cAMP levels in LNCaP cells
[15]. Intrinsic factors such as endogenous pro-
duction of hydrogen sulfide (H,S) can also re-
gulate the functional expression of T-type Ca?*
channels in LNCaP cells undergoing NED [34].
Future work is required to explore the synergis-
tic effect of other factors in promoting T-type
Ca?* channel expression following bicalutamide
induction of NED.

Increased T-type Ca?" channel expression re-
gulates the morphological differentiation of
LNCaP cells undergoing NED. Thus, our present
data indicates that blockade of functional T-
type Ca** channels with NiCl, or NNC 55-0936
evokes a considerable reduction in the neuri-
te-like length and morphology of differentiated
LNCaP cells. We should point out that mor-
phological differentiation occurred following 4
d stimulation with bicalutamide or hormone-
depleted media, when no functional T-type Ca?*
channels can be detected on the membrane.
However, after long-term exposure to bicalu-
tamide, inhibition of T-type Ca?* channels ca-
uses a significant reduction in neurite-like out-
growth. Thus, it appears that functional expres-
sion of T-type Ca?" channels sustains the mor-
phological differentiation of prostate cancer
cells. However, morphological differentiation
during NED can be initiated independently of
T-type Ca?* channel expression. Furthermore,
in 22Rv1 cells, disruption of androgen receptor
signaling results in a significant increase in
the expression of T-type Ca?* channel subunits
without any noticeable effect on differentia-
tion.

Functional expression of T-type Ca?* channels
also regulates the viability and DTX resistance
of LNCaP cells treated with bicalutamide for 10
d. Our present results demonstrate that long
term treatment with bicalutamide increases
the resistance of prostate cancer cells to DTX.
On the contrary, 4 d exposure to bicalutamide
evoked a considerable reduction in the cell via-
bility following DTX treatment. Furthermore,
inhibition of T-type Ca** channels with NiCl, or
NNC 05-0936 caused a significant reduction in
bicalutamide long-term treated cell cultures.
These findings indicate that functional expres-
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sion of T-type Ca?* channels promote cell viabil-
ity, which can be reduced by inhibition of func-
tional T-type Ca?* channels. Previous work has
shown the importance of T-type Ca?" channel
function and subsequence changes in intracel-
lular Ca?* in the regulation of cell differentiation
and survival [34-36]. Because of their lower
threshold for activation, T-type Ca?* channel
activity can be significant at membrane poten-
tials close to rest, resulting in a “window cur-
rent” that regulates various Ca2?'-dependent
processes [34-36]. Other than a direct effect
on gene expression, increased intracellular
Ca?* can also regulate exocytosis of mitogenic
factors such as neurotensin, which can further
promote cell survival [8].

NED is a typical trait in the development of
androgen-resistant prostate cancers. However,
its prognostic significance is still debated, sug-
gesting significant heterogeneity among pros-
tate cancer patients undergoing similar treat-
ments [19, 37]. We propose that some of this
heterogeneity may arise from differences in the
differentiation pathway triggered by anti-andro-
gen therapies and changes in intracellular Ca?*
[38]. As our present results indicate, treatment
of prostate cancer cells with an androgen re-
ceptor blocker or hormone-depleted media
results in slightly different differentiation path-
ways. These differences may be enhanced in
vivo by extrinsic factors in the microenviron-
ment such as inflammation (leading to in-
creased production of pro-inflammatory cyto-
kines, e.g. IL-6) and cAMP-stimulating hor-
mones [39, 40]. Thus, understanding the pro-
gression of neuroendocrine cells will have cri-
tical importance in developing more personal-
ized treatments for prostate cancers.
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