
LNCaP Prostate Cancer Cells with Autocrine Interleukin-6
Expression Are Resistant to IL-6-induced Neuroendocrine
Differentiation due to Increased Expression of Suppressors of
Cytokine Signaling

Dongxia Ge1, Allen C. Gao2, Qiuyang Zhang1, Sen Liu1, Yun Xue1, and Zongbing You1,*

1Department of Structural & Cellular Biology, Department of Orthopaedic Surgery, Tulane Cancer
Center, Louisiana Cancer Research Consortium, Tulane Center for Aging, Tulane Center for
Stem Cell Research and Regenerative Medicine, Tulane University School of Medicine, New
Orleans, Louisiana 70112
2Department of Urology, University of California at Davis Medical Center, Sacramento, California
95817

Abstract
BACKGROUND—Neuroendocrine differentiation (NED) is one of the mechanisms underlying
development of castration-resistant prostate cancer. In this study, we investigated IL-6-induced
NED in two LNCaP sublines.

METHODS—LNCaP-S17, an LNCaP subline that secretes IL-6, and LNCaP-C3, a control
subline that does not express IL-6, were analyzed for IL-6-induced NED, activation of JAK2 and
STAT3 pathways, and expression of IL-6/IL-6R signaling proteins and downstream target genes.

RESULTS—IL-6 did not induce NED in LNCaP-S17 cells, even though IL-6 induced NED in
LNCaP-C3 cells. IL-6 activated JAK2 and STAT3 pathways in LNCaP-C3 cells but not in
LNCaP-S17 cells. IL-6 did not activate ERK1/2, AKT, or NF-κB pathways in either cell line.
Both LNCaP-C3 and LNCaP-S17 cell lines expressed IL-6R, gp130, and TYK2 at almost the
same levels and did not express JAK1 or JAK3. The basal level of JAK2 expression was slightly
higher in LNCaP-C3 cells than in LNCaP-S17 cells. Two suppressors of cytokine signaling,
SOCS7 and CIS, were expressed constitutively at higher levels in LNCaP-S17 cells than in
LNCaP-C3 cells, while SOCS1 to SOCS6 were expressed at approximately the same levels. Using
siRNA to knockdown SOCS7 and CIS expression in LNCaP-S17 cells led to increased
phosphorylation of STAT3 upon IL-6 stimulation.

CONCLUSIONS—LNCaP-S17 cells are resistant to exogenous IL-6-induced NED due to
increased levels of CIS/SOCS7 that block activation of JAK2-STAT3 pathways.
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INTRODUCTION
Prostate cancer is the most common malignant disease in men in the developed countries.
Initially, most prostate cancers respond to androgen ablative (or castration) therapy.
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However, even under the castrate levels of testosterone, prostate cancer eventually re-grows
and becomes known as castration-resistant prostate cancer (CRPC), a lethal form of cancer
[1,2]. The molecular mechanisms underlying the progression from a hormone sensitive
cancer to CRPC include alterations of androgen receptor (AR) signaling pathways,
alterations of apoptosis-related genes such as up-regulation of bcl-2 [3] and clusterin [4,5],
and neuroendocrine differentiation (NED) of prostate cancer [6]. AR gene amplification
[7,8], increase in AR expression [9], and AR gene mutations [10,11] are important factors in
development of CRPC. AR can also be activated by intraprostatic tissue androgens (so
called intracrine androgens) [12,13]. Ligand-independent AR variants derived from splicing
of cryptic exons have been associtated with CRPC [14]. Some growth factors can activate
AR signaling pathways in the absence of androgen [15]. Activation of HER-2/neu [16] and
Ras/mitogen-activated protein kinase (MAPK) pathways can activate AR signaling
pathways in androgen-independent manner [17]. Transcriptional coactivators are also
involved in the ligand-independent activation of AR signaling pathways [18,19].

NED of prostate cancer has not been studied as extensively as AR signaling.
Neuroendocrine (NE) cells, part of the amine precursor uptake and decarboxylation system,
are specialized endocrine cells of the nervous system that produce neurohormones. In the
prostate, NE cells are present in the developing and mature gland, forming the prostatic
epithelium with the epithelial and basal cells [20]. NE cells are characterized
morphologically by the presence of cytoplasmic dense core granules and irregular dendrite-
like processes extending underneath and between adjacent epithelial cells [21]. The prostatic
NE cells express neurotensin (NTS), synaptotagmin I (SYT1), gastrin-releasing peptide
(GRP), neuron-specific enolase (NSE), midkine (MDK), and other neurohormones [6,22].
NE cells are generally non-mitotic/growth-arrested [23,24], yet proliferating carcinoma cells
have been identified in close proximity to them [24,25], indicating a tumor-promoting role
of NE cells through secretion of neurohormones [26–29]. NE cells are found in primary and
metastatic prostate cancers and may have arisen from NED [30–32]. Focal NED is a
common feature of prostate cancer, occurring in about 30% to 100% of tumors studied
[21,33,34]. Recent studies suggest that NED is enhanced after long-term androgen ablative
therapy and may promote the development of CRPC [35–38]. NED is typically exemplified
by a human prostate cancer cell line, LNCaP, under conditions of androgen deprivation,
increased intracellular cAMP, activated MAPK pathway, and IL-6 treatment [23,39–49].
IL-6-induced NED is clinically relevant because elevated serum IL-6 levels are associated
with CRPC [50–54].

Studies in IL-6 and prostate cancer have revealed complex effects of IL-6 on proliferation of
prostate cancer cells (see a recent review by Culig and Puhr [55]). Giri et al. reported that
exogenous IL-6 treatment increased cell proliferation in LNCaP cells [56]. In contrast,
several groups of investigators independently found that exogenous IL-6 caused growth
arrest in LNCaP cells, which was associated with NED [44,47,57–59]. The causes of the
discrepancy are not known. Nevertheless, the molecular mechanisms of IL-6’s actions have
been identified. IL-6 cytokine first binds to a nonsignaling receptor, IL-6R, and then forms a
hexameric complex with gp130 [60]. Gp130 is a signal-transducing receptor shared among
the IL-6 family of cytokines including IL-6, IL-11, leukemia inhibitory factor, ciliary
neurotrophic factor, oncostatin-M, and others [61,62]. IL-6 leads to dimerization of gp130,
resulting in phosphorylation and activation of Janus kinases (JAK1, JAK2, JAK3, and
TYK2). Subsequently, the cytoplasmic tail of gp130 is phosphorylated, opening docking
sites for STATs (STAT1 and STAT3). STATs also become phosphorylated, form dimers
and enter the nucleus, where they regulate target gene expression [63,64].

LNCaP cell line does not express IL-6 but does express its receptors IL-6R and gp130
[65,66]. Previously, we established an LNCaP subline stably expressing IL-6 by
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introduction of a full-length IL-6 cDNA into LNCaP cells [66]. We reported that IL-6-
expressing LNCaP cells (i.e., LNCaP cells with autocrine IL-6 expression) acquire the
capacity to grow in the absence of androgen in vitro and in vivo [67]. In the current study,
we found that IL-6-expressing LNCaP cells were resistant to exogenous IL-6-induced NED
because the cells constitutively expressed high levels of negative feedback inhibitors,
suppressor of cytokine signaling 7 (SOCS7) and cytokine-inducible SH2 protein (CIS). The
results provide new insights into the molecular mechanisms of NED in prostate cancer.

MATERIALS AND METHODS
Cell Culture and In Vitro Cell Growth

IL-6-expressing LNCaP subline (LNCaP-S17, expressing IL-6 at 2,743 pg/ml/million cells)
and control subline LNCaP-C3 (transfected with empty vector, not expressing IL-6) were
described previously [66]. The cell lines were cultured in T-medium (Invitrogen) with 5%
FBS in a 37°C, 5% CO2 humidified incubator. To analyze cell growth under exogenous IL-6
treatment, LNCaP-C3 and LNCaP-S17 cells were cultured in serum-free medium with 50
ng/ml IL-6 for 4 days; then the cell number was determined using the 3-(4,5-
Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay (Sigma) according to
the manufacturer’s instructions [67]. To confirm if IL-6’s effects were indeed mediated
through IL-6 receptor, humanized anti-human IL-6R monoclonal antibodies (MRA, a gift
from Chugai Pharmaceutical Co., Ltd, Tokyo, Japan) were added to block IL-6’s action.

Induction of NED and Reverse Transcription-Quantitative Real-time PCR
LNCaP-C3 and LNCaP-S17 cells were cultured separately in serum-free medium with 50
ng/ml IL-6 for 4 days to induce NED. For co-culture of LNCaP-C3 and LNCaP-S17 cells,
100-mm dishes were separated into two halves by a dam made with a 1-cm strip of sterilized
paper pad; the two cell lines were plated in each half of the dish side-by-side; after the cells
were attached overnight, the dam was removed; serum-free medium was added to allow free
exchange of secreted factors between LNCaP-C3 and LNCaP-S17 cells for 4 days. The cells
were photographed using a digital camera. RNA was isolated from the cells using an
RNeasy kit (QIAGEN); reverse transcription was performed using Superscript First-Strand
Synthesis System (Invitrogen); real-time PCR was performed on the iQ5 PCR instrument
with SYBR Green reagents (Bio-Rad). PCR primer sequences are shown in Table I. The
mRNA levels were first normalized by that of GAPDH and then the relative mRNA fold
change was calculated as 2ΔΔCt compared to the basal levels (either without IL-6 treatment
or at Day 0).

Western Blot Analysis and Immunoprecipitation
The cells were washed with ice-cold phosphate-buffered saline and collected. Whole cell
lysates were prepared with RIPA buffer containing 1% Nonidet P-40, 5% sodium
deoxycholate, 1 mM phenylmethylsulfonyl fluoride, 100 mM sodium orthovanadate, and
protease inhibitors mixture (Sigma). The protein concentrations were determined using the
Bradford protein assay (Bio-Rad). Equal amounts of protein extracts were subjected to 10%
SDS-polyacrylamide gel electrophoresis and transferred to a PVDF membrane by
electroblotting (Bio-Rad). The membranes were blocked with 5% nonfat dry milk in 1 x
TBST (25mM Tris-HCl, 125 mM NaCl, 0.1% Tween 20) for 2 h, probed with primary
antibodies overnight at 4 °C, and then with fluorphores-conjugated secondary antibodies
(LI-COR) for 1 h. The results were visualized using an Odyssey Infrared Imaging System
(LI-COR). For internal control, the blots were stripped and re-probed with anti-GAPDH or
anti-β-tubulin antibodies. For immunoprecipitation of p-JAK2, 1 μg of anti-p-JAK2
antibodies were incubated with equal amounts of protein extracts for 30 min, followed by
incubation with 10 μl of protein A- Sepharose beads overnight at 4 °C; after washing 4
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times, the precipitated protein was analyzed using the procedures described above. For
siRNA knockdown assays, LNCaP-S17 cells were plated at 70% confluence in 60-mm
dishes; 100 nM of SOCS7 siRNA (siGENOME SMARTpool D-027197-04), CIS siRNA
(siGENOME SMARTpool D-017381-04), or non-targeting scrambled control siRNA were
transfected into the cells using DharmaFECT®2 reagents according to the manufacturer’s
instructions (all reagents including siRNAs were obtained from Thermo Fisher Scientific
Dharmacon Products, Lafayette, CO); 4 days later, the cells were treated with 50 ng/ml of
IL-6 in serum-free medium for 5 min; and the whole cell lysates were analyzed for
expression of p-STAT3, SOCS7, and CIS, respectively, by Western blot. The primary
antibodies were purchased from the following commercial sources: antibodies against
STAT3, p-STAT3 (Y705), JAK1, JAK2, JAK3, TYK2, p-JAK2, AKT, p-AKT, ERK1/2,
IκBα, and p-IκBα were obtained from Cell Signaling Technology; antibodies against
IL-6R, gp130, GAPDH, and β-tubulin were obtained from R&D Systems; and antibodies
against p-ERK1/2, CIS, and SOCS1 to SOCS7 were obtained from Santa Cruz
Biotechnology.

Statistical Analysis
All experiments were repeated three times. Photomicrographs and Western blot results are
presented from a representative experiment. Student’s t test (two-tailed) was used to
determine the significance between the control and treatment groups of LNCaP-C3 and
LNCaP-S17 cells in the cell growth analysis, and P < 0.05 was considered statistically
significant.

RESULTS
LNCaP-S17 Cells Were Resistant to IL-6-induced NED

We previously showed that LNCaP-S17 cells could grow in the absence of androgen [67].
To test if the cells were still able to undergo NED, we treated LNCaP-C3 and LNCaP-S17
cells with exogenous IL-6 for 4 days. We found that LNCaP-C3 cells showed irregular
dendrite-like processes typical of NE cells (Fig. 1B, compared to Fig. 1A). In contrast, the
LNCaP-S17 cells did not show any obvious change in cell morphology under the same
exogenous IL-6 treatment (Fig. 1E, compared to Fig. 1D). To confirm that LNCaP-S17 cells
secreted IL-6, we co-cultured LNCaP-C3 and LNCaP-S17 cells in a system such that IL-6
secreted by LNCaP-S17 cells could move freely to LNCaP-C3 cells but the two cell lines
did not mix together. Indeed, we found that the co-cultured LNCaP-C3 cells extended
dendrite-like processes (Fig. 1C), whereas LNCaP-S17 cells did not show any processes
(Fig. 1F). Because NE cells are generally non-mitotic/growth-arrested [23,24], we examined
if IL-6 treatment induced growth arrest in the two cell lines. We found that IL-6 induced
approximately 50% reduction in the number of LNCaP-C3 cells (Fig. 2A, comparing group
2 versus group 1; p = 0.007), whereas the number of LNCaP-S17 cells was similar to the
untreated control group (Fig. 2A, comparing group 2 versus group 1). The cell growth arrest
observed in LNCaP-C3 cells was specifically induced by IL-6, as the anti-IL-6R antibody
MRA completely blocked IL-6’s function and rescued cell growth in LNCaP-C3 cells (Fig.
2A, comparing group 4 versus group 2). To further confirm that exogenous IL-6 induced
NED in LNCaP-C3 cells but not in LNCaP-S17 cells, we examined five markers of NED.
As shown in Fig. 2B, exogenous IL-6 dramatically induced mRNA expression of NTS,
SYT1, GRP, NSE, and MDK in LNCaP-C3 cells, particularly NTS mRNA that was
increased by approximately 68 fold. In contrast, exogenous IL-6 minimally induced the
expression of these markers in LNCaP-S17 cells, e.g., only 2.6 fold increase in NTS mRNA
(Fig. 2B). Similarly, when the two cell lines were co-cultured for 4 days, IL-6 secreted by
LNCaP-S17 cells considerably induced NTS and SYT1 mRNA expression in LNCaP-C3
cells but only minimally in LNCaP-S17 cells (Fig. 2C). In addition, we found that induction
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of NTS and NSE expression occurred mainly on the 3rd and 4th day of exogenous IL-6
treatment (Fig. 1D).

Activation of STAT3 Pathway Was Inhibited in LNCaP-S17 Cells
As we had noticed the differences in IL-6-induced NED between LNCaP-C3 and LNCaP-
S17 cells, we investigated the underlying molecular mechanisms. Because IL-6 has been
shown to activate JAK-STAT3 and/or PI3K-Etk-STAT3 pathways for induction of NED
[44,47,57–59], we examined phosphorylation of STAT3, ERK1/2, AKT, and IκBα. As
shown in Fig. 3A, exogenous IL-6 induced remarkable phosphorylation of STAT3 as early
as 5 min upon IL-6 treatment in LNCaP-C3 cells, whereas there was barely any induction of
p-STAT3 in LNCaP-S17 cells. The basal levels of p-AKT were very high in both cell lines
due to lack of PTEN expression in LNCaP cells, thus there was no obvious induction of p-
AKT in either cell line. The basal levels of p-ERK1/2 and p-IκBα were higher in LNCaP-
C3 cells than in LNCaP-S17 cells, but no apparent induction was found in either cell line
(Fig. 3A). To confirm that LNCaP-S17 cells secreted IL-6 as previously measured [66], we
collected the conditioned medium from the cultured LNCaP-S17 cells. Addition of the
conditioned medium induced p-STAT3 in LNCaP-C3 cells but barely in LNCaP-S17 cells
(Fig. 3B).

To demonstrate that induction of p-STAT3 in LNCaP-C3 cells was specifically through
IL-6/IL-6R signaling pathway, we examined the dose-dependence and effects of specific
inhibitors. We found that IL-6 induced p-STAT3 at a dosage as low as 1 ng/ml, but the
induction was maximal at a dosage of 50 ng/ml (Fig. 4A). The anti-IL-6R antibody MRA
dose-dependently inhibited IL-6-induced p-STAT3 (Fig. 4B). As expected, a single dose of
100 μg/ml MRA blocked IL-6’s action over the 4-day treatment period (Fig. 4C).

LNCaP-S17 Cells Constitutively Expressed High Levels of SOCS7 and CIS
To reveal the mechanisms that caused the differences in STAT3 activation between LNCaP-
C3 and LNCaP-S17 cells, we systematically examined the IL-6/IL-6R signaling pathways.
First, we determined the protein levels of IL-6 receptors. As shown in Fig. 5A, the 80-kDa
and 55-kDa forms of IL-6R as well as gp130 were expressed at similar levels in LNCaP-C3
and LNCaP-S17 cells. Downstream to the IL-6 receptors are the JAK kinase family
members. We found that JAK1 and JAK3 were not expressed in either cell line. TYK2 was
expressed at the same levels in both cell lines. JAK2 expression was slightly higher in
LNCaP-C3 cells than in LNCaP-S17 cells (Fig. 5A). Upon exogenous IL-6 treatment,
phosphorylation of JAK2 was clearly induced in LNCaP-C3 cells but not in LNCaP-S17
cells (Fig. 5B). To further confirm our findings, we did immunoprecipitation to enrich p-
JAK2. Indeed, we found that exogenous IL-6 induced noticeable p-JAK2 accompanied by
remarkable degradation of JAK2 in LNCaP-C3 cells but not in LNCaP-S17 cells (Fig. 5C).
To identify what factors were inhibiting JAK2 phosphorylation, we examined the well-
known negative feedback regulators CIS/SOCS family. This family of inhibitors has 8
members including CIS and SOCS1 to SOCS7. As shown in Fig. 6A, the basal levels of
SOCS1 to SOCS6 were almost the same between LNCaP-C3 and LNCaP-S17 cells. There
was not any obvious difference upon IL-6 treatment. However, the basal levels of SOCS7
and CIS were clearly higher in LNCaP-S17 cells than in LNCaP-C3 cells (Fig. 6A). IL-6
treatment within the short time did not noticeably change the levels of SOCS7 and CIS
protein in either cell line (Fig. 6A). Because SOCS3 is a known regulator of p-STAT3 in
other cell systems and our short time IL-6 treatment did not change SOCS3 expression, we
then treated LNCaP-C3 cells with IL-6 for up to 4 hours. We found that IL-6 induced
phosphorylation of STAT3 from 30 min to 4 hours, but SOCS3 protein levels were not
increased (Fig. 6B). To confirm if the increased levels of SOCS7 and CIS were responsible
for IL-6 resistance in LNCaP-S17 cells, we used specific siRNAs to knockdown SOCS7 and
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CIS expression in LNCaP-S17 cells and then examined IL-6-induced phosphorylation of
STAT3. As shown in Figure 6C, SOCS7 siRNA down-regulated SOCS7 expression and
increased phosphorylation of STAT3 compared to the control siRNA and control groups.
CIS siRNA also slightly down-regulated CIS expression and increased phosphorylation of
STAT3 (Fig. 6D). Taken together, these results suggest that the increased basal levels of
CIS/SOCS7 in LNCaP-S17 cells inhibit phosphorylation of JAK2 and subsequently STAT3
(Fig. 6E), leading to reduced response in IL-6-induced NED.

DISCUSSION
NED is an important mechanism in the development of the lethal CRPC [6]. IL-6 is a critical
cytokine for induction of NED because elevated serum IL-6 levels are associated with
CRPC [50–54]. Several studies have independently demonstrated that exogenous IL-6
induces NED in LNCaP cells [40,44,47,49]. Our results showed that exogenous IL-6
treatment induced NED in LNCaP-C3 cells as evidenced by the morphologic changes (i.e.,
dendrite-like processes), growth arrest, and expression of NED markers (i.e., NTS, SYT1,
GRP, NSE, and MDK). These results are consistent with the literature reports [40,44,47,49].
To our surprise, IL-6 did not induce NED in LNCaP-S17 cells. Both LNCaP-C3 and
LNCaP-S17 cell lines are derived from the parental LNCaP cells, in which LNCaP-C3 is a
control cell line transfected with empty vector, and LNCaP-S17 is transfected with full-
length IL-6 cDNA [66]. Thus, the difference is that LNCaP-C3 cells do not express IL-6 but
LNCaP-S17 cells secrete IL-6 in an autocrine manner.

To reveal the molecular basis underlying the differences in IL-6-induced NED between
LNCaP-C3 and LNCaP-S17 cell lines, we first examined activation of STAT3 by IL-6
because it has been well established that IL-6 activates JAK-STAT3 and/or PI3K-Etk-
STAT3 pathways to induce NED in LNCaP cells [44,47,57–59]. We identified that a
remarkable difference between LNCaP-C3 and LNCaP-S17 cell lines is in their response to
exogenous IL-6 in terms of phosphorylation of STAT3. IL-6 induced p-STAT3 in a dose-
dependent manner for a period of 4 days after a single dose treatment in LNCaP-C3 cells,
which was dependent on IL-6R as anti-IL-6R antibodies could abolish the induction
completely. In contrast, IL-6 failed to induce any noticeable p-STAT3 in LNCaP-S17 cells.
IL-6 did not activate ERK1/2, AKT or NF-κB pathways in either LNCaP-C3 or LNCaP-S17
cell line, suggesting that IL-6 specifically activates the STAT3 pathway to induce NED.

It is known that IL-6 acts through IL-6R and gp130 [60]. Gp130 then activates JAKs,
followed by activation of STAT3 [63,64]. Our results suggest that LNCaP-C3 and LNCaP-
S17 cell lines express similar levels of IL-6R and gp130. In addition, JAK family member
TYK2 is expressed at the same levels in the two cell lines while JAK1 and JAK3 are not
expressed in either cell line. Thus, IL-6R, gp130, JAK1, JAK3, and TYK2 do not contribute
to the differential responses observed in the two cell lines. The basal level of JAK2
expression was slightly higher in LNCaP-C3 cell line than in LNCaP-S17 cell line. IL-6
induced phosphorylation of JAK2 in LNCaP-C3 cell line but not in LNCaP-S17 cell line.
This cannot be completely attributed to the increased basal level of JAK2 in LNCaP-C3 cell
line because LNCaP-S17 cell line also expresses a decent level of JAK2. Thus, it is more
likely that activation of JAK2 is inhibited by some factors. Given that there are 8 well-
known negative regulators of cytokine signaling including CIS and SOCS1-7 [68], we
examined the expression of all of them in LNCaP-C3 and LNCaP-S17 cell lines. Our results
suggest that SOCS1-6 are equally expressed in the two cell lines, thus SOCS1-6 do not
contribute to the differential inhibition of JAK2/STAT3 signaling. However, SOCS7 and
CIS levels were constitutively higher in LNCaP-S17 cell line than in LNCaP-C3 cell line,
suggesting that SOCS7 and CIS are responsible for the observed differences in IL-6-induced
NED between the two cell lines. It has been shown that CIS and SOCS proteins can directly
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bind to JAKs and reduce their tyrosine-kinase activities and activation of STATs [69]. IL-6
can induce expression of CIS and SOCS7 [70,71], thus CIS and SOCS7 act in a negative
feedback loop to inhibit IL-6-induced activation of JAK2/STAT3 pathway. Furthermore,
down-regulation of SOCS7 and CIS expression by siRNA transfection increased IL-6-
induced phosphorylation of STAT3, which confirms that SOCS7 and CIS are responsible for
the IL-6 resistance in LNCaP-S17 cells.

The results presented here significantly extended our previous studies [66,67,72]. We
demonstrated that LNCaP-S17 cells constitutively express high levels of CIS and SOCS7,
which in turn inhibit activation of JAK2 and STAT3, leading to a failure to respond to IL-6-
induced NED. We speculate that the high levels of CIS and SOCS7 expression are caused
by the chronic stimuli of IL-6 secreted by LNCaP-S17 cells because CIS and SOCS7 are
downstream target genes induced by IL-6. We and other investigators have shown that
short-term exogenous IL-6 treatment induces NED, whereas long-term exogenous IL-6
stimuli not only cause LNCaP cells to express endogenous IL-6 but also lead to increased
cell proliferation [72,73]. The mechanisms are reportedly due to a decrease in IL-6 binding
capacity and/or an increase in androgen binding capacity and AR signaling after long-term
IL-6 treatment [72,73]. The present study provides a new mechanism that CIS and SOCS7
levels are increased in LNCaP cells exposed to long-term autocrine IL-6. Thus, the increased
levels of CIS and SOCS7 expression desensitize LNCaP cells’ response to IL-6-induced
NED.

In conclusion, we demonstrated in this study that LNCaP cells with autocrine IL-6
expression are resistant to exogenous IL-6-induced NED due to increased levels of CIS/
SOCS7 that block activation of JAK2-STAT3 pathways.
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Abbreviations

AR androgen receptor

CIS cytokine-inducible SH2 protein

CRPC castration-resistant prostate cancer

GRP gastrin-releasing peptide

MDK midkine

MRA humanized anti-human IL-6R monoclonal antibodies

MTT 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide

NE neuroendocrine

NED neuroendocrine differentiation

NSE neuron-specific enolase

NTS neurotensin
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siRNA short interfering RNA

SOCS suppressor of cytokine signaling

SYT1 synaptotagmin I
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Fig. 1. IL-6 induced formation of dentrite-like processes in LNCaP-C3 but not in LNCaP-S17
cells
A. LNCaP-C3 cells without treatment (Day 0). B. LNCaP-C3 cells treated with 50 ng/ml
IL-6 for 4 days in serum-free culture medium. C. LNCaP-C3 cells co-cultured with LNCaP-
S17 cells for 4 days. D. LNCaP-S17 cells without treatment (Day 0). E. LNCaP-S17 cells
treated with 50 ng/ml IL-6 for 4 days in serum-free culture medium. F. LNCaP-S17 cells co-
cultured with LNCaP-C3 cells for 4 days. Arrows indicate LNCaP-C3 cells with dentrite-
like processes. Scale bars, 10 μm.
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Fig. 2. IL-6 induced growth arrest and expression of NED markers in LNCaP-C3 but not in
LNCaP-S17 cells
A. LNCaP-C3 and LNCaP-S17 cells were cultured in 12-well plates with serum-free
medium, with or without 50 ng/ml IL-6 and/or 100 μg/ml MRA for 4 days. The cell growth
was determined by MTT assay and normalized to the control group. Asterisk indicates p =
0.007, comparing between group 1 and group 2 of LNCaP-C3 cells. B. LNCaP-C3 and
LNCaP-S17 cells were treated with or without 50 ng/ml IL-6 in serum-free medium for 4
days. The mRNA levels were determined with quantitative real-time PCR. C. LNCaP-C3
and LNCaP-S17 cells were co-cultured in a custom-made system for 4 days. The two cell
lines were separately harvested and mRNA levels were determined with quantitative real-
time PCR. D. LNCaP-C3 (C3) and LNCaP-S17 (S17) cells were treated without or with 50
ng/ml IL-6 for the indicated time. The mRNA levels were determined with quantitative real-
time PCR. All experiments were performed in triplicate and the results represented the
means and standard deviations (error bars) of three independent experiments.

Ge et al. Page 14

Prostate. Author manuscript; available in PMC 2013 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 3. IL-6 induced phosphorylation of STAT3 in LNCaP-C3 but not in LNCaP-S17 cells
A. LNCaP-C3 and LNCaP-S17 cells were treated without or with 50 ng/ml IL-6 in serum-
free medium for the indicated time. B. LNCaP-S17 cells were cultured in serum-free
medium for 24 h. The medium was harvested and centrifuged at 4000 rpm for 10 min and
the supernatant was collected as LNCaP-S17 conditioned medium (S17 CM), which was
used to treat the cells for the indicated time. Western blot analysis was performed as
described under “Materials and Methods”.
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Fig. 4. IL-6 induced phosphorylation of STAT3 in LNCaP-C3 cells via IL-6R
A. LNCaP-C3 cells were treated without or with 1, 5, 10, and 50 ng/ml IL-6 for 5 min. B.
LNCaP-C3 cells were treated without or with 50 ng/ml IL-6 in serum-free medium or in
combination with different dosages of anti-IL-6R mAb (MRA) for 5 min. C. LNCaP-C3
cells were treated without or with 50 ng/ml IL-6 in serum-free medium or in combination
with 100 μg/ml MRA for the indicated days. Western blot analysis was performed as
described under “Materials and Methods”.

Ge et al. Page 16

Prostate. Author manuscript; available in PMC 2013 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 5. IL-6 induced phosphorylation of JAK2 in LNCaP-C3 but not in LNCaP-S17 cells
A. Expression of IL-6R, gp130, and JAK family in LNCaP-C3 (C3) and LNCaP-S17 (S17)
cells in regular culture medium without any treatment. B. Phosphorylation of JAK2 in
LNCaP-C3 (C3) and LNCaP-S17 (S17) cells treated without or with 50 ng/ml IL-6 in
serum-free medium for the indicated time. C. LNCaP-C3 (C3) and LNCaP-S17 (S17) cells
were treated without or with 50 ng/ml IL-6 in serum-free medium for 5 min. Equal amounts
of total proteins were precipitated with anti-p-JAK2 antibodies and protein A-sepharose
beads. Western blot analysis was performed as described under “Materials and Methods”.
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Fig. 6. LNCaP-S17 cells expressed higher basal levels of SOCS7 and CIS than LNCaP-C3 cells
A and B. LNCaP-C3 and LNCaP-S17 cells were treated without or with 50 ng/ml IL-6 in
serum-free medium for the indicated time. Protein expression of CIS/SOCS family
members, p-STAT3, and STAT3 was determined by Western blot analysis. C and D.
LNCaP-S17 cells were not transfected (control group) or transfected with 100 nM of non-
targeting scrambled control siRNA, SOCS7 siRNA, or CIS siRNA, respectively; 4 days
later, the cells were treated with 50 ng/ml of IL-6 in serum-free medium for 5 min; and p-
STAT3, SOCS7, and CIS expression was analyzed by Western blot. E. Proposed working
model. IL-6 acts via IL-6R/gp130 to activate JAK2/STAT3 pathway to induce expression of
CIS/SOCS7; long-term IL-6 stimuli lead to increased basal levels of CIS and SOCS7, which
act in a negative feedback loop to inhibit activation of JAK2/STAT3.
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TABLE I

Primers used in real-time PCR analysis

Gene name Sequence (5′ to 3′)

NTS sense GAGGAGCTTGTTGCAAGAAGGA

anti-sense GCCCTGCTGTGACAGATTTTGT

SYT1 sense AACATGGGGTTGGCTGTTT

anti-sense CGGCAGACGGTTATTTTCCT

GRP sense AGTCTCTGCTCTTCCAGCC

anti-sense CCGATGGACAACCAATCTAAG

NSE sense TGTCTGCTGCTCAAGGTCAA

anti-sense CGATGACTCACCATGACCC

MDK sense CGACTGCAAGTACAAGTTTGAGAAC

anti-sense CTTGGTGACGCGGATGGT

GAPDH sense TAAAAGCAGCCCTGGTGACC

anti-sense CCACATCGCTCAGACACCAT
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