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Introduction 
Prostate cancer (PrCa) is the leading cause of male cancer death in Western civilization. Interleukin-6 

(IL-6) is a cytokine implicated in primary PrCa growth and survival post-androgen withdrawal. 

Moreover, IL-6 is strongly associated with bone metastasis, a major cause of morbidity in PrCa 

patients. This project aims to investigate the IL-6 axis in a novel in vivo PrCa xenograft model (BM18) 

of androgen-dependent growth (McCulloch et al., 2005) and osteosclerotic bone metastasis. The IL-

6/gp130 signaling pathway was also investigated using PrCa bone metastases from human patient 

biopsies. Pursuit of the aims outlined herein will greatly improve our understanding of the role of IL-

6/gp130 signaling in prostate cancer growth, regression, survival post-androgen withdrawal and bone 

metastasis. This study provides a unique opportunity to examine the role of IL-6/gp130 signaling in a 

model that closely mimics human PrCa growth, progression and regression as well as osteosclerotic 

bone remodeling. Disease recurrence and osteosclerotic metastases are poorly understood processes 

that cause immense suffering, culminating in a painful demise. Understanding the role of IL-6/gp130 

signaling molecules in this disease may lead to identification of novel targets and therapeutic strategies 

to improve and extend the quality of life for PrCa patients. 
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Body 

Aim 1. Characterize the role of IL-6 in prostate cancer cell survival, post-androgen withdrawal 

Task 1. To obtain BM18 tumor tissue that has regressed post-androgen withdrawal +/- IL-6 

neutralization, or IL-6 neutralization alone, at time-points <1 week before the tumor regresses to non-

detectable. 

Anesthetized male SCID mice were implanted subcutaneously with a ~1mm3 piece of BM18 tumor in 

the following groups*: 

Table I BM18 recipient groups selected for treatment 

 4 weeks 8 weeks 12 weeks 

Untreated 6 6 6 

Castrated 6 6 6 

Castrated+anti-IL-6 6 6 6 
*N.B. The above groups used for treatment were selected among many BM18 tumors 

  recipients to standardize tumor volume and growth kinetics; the isotype-matched 
control antibody had fungal contamination and was therefore not used 

 

In order to conserve precious neutralization antibody and maximize the potential for quantifiable and 

clinically relevant responses, CNTO328 was used only in combination with androgen deprivation and 

recipients harvested at later time points with longer-term exposure to antibody therapy. Indeed, it has 

been suggested that CNTO 328 therapy for prostate cancer could be improved with an additional 

treatment (e.g. androgen deprivation), yielding a more pronounced effect if antibody treatment was 

prolonged (Steiner et al., 2006). Once tumors reached ~1cm in diameter, mice to be deprived of 

androgen underwent surgical castration with a bilateral orchioepididymectomy under isoflurane 

anesthetic and analgesia (4μg/g mouse, sub-cutaneous injection). Castrated mice undergoing antibody 

treatment were immediately injected intraperitoneally and weekly thereafter with mouse monoclonal 

human Interluekin-6 (hIL-6) neutralizing antibody (CNTO 328, 25mg/kg). Tumors were measured on 

days 4, 6, 7, 8 and 11 post-castration±anti-IL-6 until size remained stable (Fig 1): 
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Figure 1 BM18 tumor volume (l2/2 x w) post-
castration (C) ± anti-IL-6. n=6 

 

 

There were no statistically significant differences in tumor volumes between treatment groups during 

regression and no re-growth was observed in any castrated recipient during the 12-week course of the 

experiment. 

Mice were harvested at 4, 8 and 12 week time points. Portions of each tumor were taken at every time 

point and snap frozen for analysis of IL-6 pathway molecules. Remaining tumor tissue was processed 

for routine histology and stained with Masson’s Trichome (Fig 2): 
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Although a small reduction in cellularity may have been evident at 4 weeks with anti-IL-6 therapy (Fig 

2 b vs. c), any difference observed may have been due to small sample size or heterogeneity and in any 

event was no longer apparent at 12 weeks (d vs. e). 

Elevated serum IL-6 levels in prostate cancer patients are closely correlated with tumor burden and are 

indicative of poor prognosis (Nakashima et al., 2000). SCID mice receiving recombinant human IL-6 

or TSU xenografts yielded sera with detectable human IL-6 levels by ELISA (3pg/mL and 30pg/mL, 

respectively) (Twillie et al., 1995), thereby demonstrating the potential utility of anti-IL-6 therapy and 

the feasibility of detecting this exogenously produced cytokine when present in mice. Therefore, serum 

was collected from all BM18 recipients by cardiac puncture upon harvest for the analysis of IL-6 levels 

by ELISA (BD) as described in Proposal PC050626 (Fig. 3): 

Figure 2 Masson’s Trichome staining of BM18 tumors with and 
without castration±anti-IL-6 at 4 and 12 weeks (8 weeks -- data 
not shown) 

a

b c

d e
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Figure 3 Analysis of human IL-6 levels in sera from BM18 recipients. a) Calibration of the ELISA using purified recombinant 
hIL-6 indicates successful and precise quantitation. b) Conditioned medium from human prostate cancer cell lines and sera from 
BM18 samples were measured on the same plate in the same assay. 

 

 

 

The human prostate cancer cell lines Du145 (434.34pg/mL) and LNCaP (2.92pg/mL) secreted IL-6 

into their media to levels above the threshold of detection (2.2pg/mL, BD OptEIA™ Human IL-6 

ELISA Kit II Instruction Manual). Of all BM18 samples from all treatment groups and time points, 

only samples 7 (castrated, 4weeks; 12.03pg/mL) and 38 (castrated+anti-IL-6, 12 weeks; 14.16pg/mL) 

exhibited IL-6 serum levels above the threshold of detection. The rarity of detectable IL-6 readings and 

lack of any correlation between serum IL-6 and treatments may be consistent with little secretion of 

any appreciable IL-6 by BM18 tumors into the circulatory system of SCID recipients. However, it 

should be noted that circulating IL-6 may exist in various high molecular weight complexes that 

include autoantibodies, complement factors C3b and C4b, C-reactive protein, albumin and soluble IL-

6R and gp130 (Kovacs, 2001; May et al., 1992; Muller-Newen et al., 1998; Ndubuisi et al., 1998; 

Pignatti et al., 2003). Importantly, these IL-6 binding partners have been implicated in masking 

detection of IL-6 in sera with various commercial ELISAs and biological assays (Kovacs, 2001; May et 

al., 1992; Muller-Newen et al., 1998; Ndubuisi et al., 1998; Pignatti et al., 2003; Twillie et al., 1995). 

Although the BD ELISA kit utilized was recommended by a fellow researcher due to its flexibility in 

quantifying IL-6 in various complexes (B. Jenkins, personal communication), the instruction manual 

includes the caveat that “…soluble receptors, or other binding proteins in specimens has not been 

thoroughly investigated” and the “possibility of interference cannot be ruled out.” In light of this, it 

would be prudent to assert that the ELISA results confirmed only that free un-bound IL-6 was not 

detected in most BM18 recipients but that this did not exclude its possible presence in biologically 

active complexes. 
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Task 2.  To characterize the expression of IL-6 related signaling molecules and apoptosis in archival 

BM18 tumor tissue: 

2a) Carry out Western Immunoblotting from protein extracted from frozen BM18 tumor tissue. Positive 

controls will include protein extracted from a cohort of readily available prostate cancer cell lines. 

Untreated archival BM18 tissues were analyzed in parallel with those generated from the experimental 

groups in Task 1b and did not exhibit any notable differences from results reported below in Task 2b. 

2b) Extract protein from fresh BM18 xenograft tissue collected from each of the experimental groups in 

Task 1b and examine key components of the IL-6 signaling cascade by Western blot analysis, optimized 

in Task 1b. 

BM18 tumors were harvested from untreated, castrated and castrated+anti-IL-6-treated SCID recipients 

at 4, 8 and 12 weeks post-treatment. Tissues were snap-frozen in liquid nitrogen, pulverized into 

powder and the protein extracted in RIPA buffer with protease and phosphatase inhibitors as per 

manufacturer’s instructions (Pierce). The volume for 50μg protein of each sample was determined with 

the Pierce BCA Assay, prepared in LDS Sample Buffer with Sample Reducing Agent and separated on 

4-12% Novex NuPAGE Bis/Tris pre-cast gels in MOPS Running Buffer for 75 minutes at 150V 

(Invitrogen). Separated proteins were transferred to nitrocellulose membranes in pre-chilled standard 

transfer buffer (25mM Tris/192mM Glycine/20%MeOH) with stirring at 4°C for 75 minutes at 100V 

(constant V) using the Bio-Rad Mini Trans-Blot system. Membranes were stained with 0.1%(w/v) 

Ponceau S/5%(v/v) Acetic acid for 5 minutes to visualize proteins, thereby confirming successful 

transfer and revealing protein loading (Fig. 4):  

 

 

 

 

 

 

 

 

 

 

Figure 4 Representative nitrocellulose membrane of 
50μg transferred BM18 protein samples visualized 
with 0.01%(w/v)Ponceau S/0.05%(v/v)Acetic acid. 
Arrow indicates an abundantly expressed (serum?) 
protein found only in transplanted tissue. 
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Ponceau S was washed off by immersion in 0.1M NaOH and the membrane was blocked for 1 hour 

with Odyssey Blocking Buffer (Li-Cor) prior to overnight incubation at 4°C with the following 

antibodies (Table II): 

Table II Antibodies employed in Western Immunoblots. 
Host Specificity Target Manufacturer Cat. # Working 

Dilution 
Expected 
size (kDa) 

Mouse Human/Mouse/
Rat/Rabbit 

Pan-actin Neomarkers MS-1295-PO 1:5,000 42 

Rabbit Human IL-6 Santa Cruz sc-7920 1:100 23/46 
Rabbit Human pSTAT3(Tyr705) Cell Signaling Technology 9131S 1:500 79/86 
Goat Human IL-6 R&D Systems AF-206-NA 1:500 23/46 
Mouse Human IL-6R R&D Systems MAB227 1:200 80 
Goat Human p-gp130 Santa Cruz sc-12978 1:100 130 
Rabbit Human STAT3 Cell Signaling Technology 9132 1:500 79/86 

The antibodies listed in the shaded region of the table represent those that did not yield a detectable or 

specific signal for their targets. Protein loading of the specific target was possibly too low for detection 

due to over-representation of the abundantly expressed band at ~50kDa in harvested BM18 tissue (Fig. 

4, arrow). As the BM18 tumors appeared well vascularized and engorged with blood from the host, it 

was postulated that the abundant protein likely originated from the host serum. In an attempt to reduce 

non-specific serum proteins and improve detection, harvested BM18 tumors were minced and washed 

thoroughly in PBS to remove excess blood prior to snap-freezing and the protein loading was increased 

to 50μg by concentrating dilute samples if needed, using a cold acetone precipitation protocol (Pierce). 

In addition, antibody dilutions, detergent concentrations, membrane blocking, membrane washing, 

transfer buffers, transfer conditions (i.e., voltage and duration) and visualization method (Odyssey 

Infrared Imaging (Li-Cor) versus chemiluminescence (Supersignal West Femto Maximum Sensitivity 

Substrate, Pierce)) were all varied in attempts to further optimize detection of the above targets. 

Although those targets in the shaded region remained elusive, the previously sub-optimal detection of 

targets IL-6 and pSTAT3(Tyr705) was now remedied to permit robust detection and quantitation of 

those targets. 

In the absence of successful antibody detection of the IL-6 receptors IL-6R and gp130, it was decided 

to inform our study by determining whether castration±anti-IL-6 therapy elicited any changes in 

expression of these IL-6 pathway members by using quantitative real-time PCR with SYBR green 

chemistry on the ABI 7900HT thermal cycler (Fig. 5): 
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Expression of IL-6R mRNA transcripts was detected in BM18 tumors of treated and untreated 

recipients, confirming competence to respond to IL-6-initiated signaling as previously reported in 

Proposal PC050626. However, the IL-6R mRNA levels did not differ between treated and untreated or 

between anti-IL-6 treated and non-antibody treated castrated recipients (Fig. 5). While any changes in 

IL-6R expression resulting from CNTO 328 would have provided strong presumptive evidence of IL-6-

specific effects, the absence of difference neither confirmed nor excluded this possibility. 

Recruitment and phosphorylation of the signal-transducing receptor gp130 occurs upon engagement of 

various IL-6-type cytokines with their respective receptors. Those that can initiate signaling via gp130 

include IL-6, IL-11, LIF, CT-1, CNTF and OSM (Heinrich et al., 1998). Notably, BM18 tumors of all 

castrated recipients exhibited large increases in gp130 expression levels. This would be consistent with 

IL-6-type cytokine signaling via STATs, as STAT1 and STAT3 homo- and heterodimers initiate 

transcription of gp130 (O'Brien and Manolagas, 1997). However, there was no difference when IL-6 

Figure 5 Analysis of mRNA expression levels of IL-6 pathway members using quantitative real-time PCR. BM18 
transplant tissues harvested at 4 and 12 weeks post-castration±anti-IL-6 (C, C+anti-IL-6) were snap frozen, pulverized, and 
the isolated RNA converted to cDNA with human gene-specific primers. Tumor samples from treated recipients were 
compared to untreated BM18 tissue. Melt-curves for amplified products were analyzed to confirm synthesis of single 
specific products with the expected melting temperature and PCR products were run on high resolution agarose gels to 
confirm synthesis of single products of the expected length (data not shown) as per the Manufacturer’s recommendations 
(Applied Biosystems). Relative expression (a, b) was calculated using the ΔΔCT method (Winer et al., 1999); statistical 
significance was calculated using a paired or unpaired student’s t-test (Kirkman, 1996), where data sets had equal or 
unequal replicates, respectively. Changes from 4 to 12 weeks (c) were calculated by dividing 12-week relative expression 
by the corresponding 4 week values. C (4W): n=4; C+anti-IL-6 (4W): n=6; C, C+anti-IL-6 (12W):n=3. 
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neutralizing antibody was administered, implicating one of the other aforementioned IL-6-type 

cytokines in raising gp130 levels via STAT activation. 

Determining whether the treatment regime elicited any changes to protein levels of IL-6 -- the cytokine 

at the apex of the signaling cascade under study -- and phosphoSTAT3 – the effector molecule at the 

terminus – was of paramount importance to establish the efficacy of anti-IL-6 therapy and the 

importance of IL-6 signaling in the BM18 xenograft model. Western Immunoblotting was optimized to 

detect these critical mediators of the IL-6 pathway (Fig. 6): 

 

Under partially denaturing conditions, IL-6 may appear to be a 43-45-kDa un-reduced homodimer by 

Western Immunoblotting (Fong et al., 1989; Jablons et al., 1989; Santhanam et al., 1989). The results 

in this study were consistent with this, as the band corresponding to IL-6 exhibited a molecular mass of 

~46kDa (Fig. 6). At 4 weeks post-castration, regressed BM18 tumors from castrated hosts with or 

1.00 0.42±0.22 0.71±0.3450 

40 
IL-6 

a 

100

80 pSTAT3(Tyr705)1.00 1.96±0.30 1.86±0.91

4W 

100
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1.00 5.81±1.89 5.28±0.11
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1.00 0.36±0.14 0.24±0.0350 

40 

IL-6 
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Untreated C C+anti-IL-6 

Untreated C C+anti-IL-6 

Figure 6 Western Immunoblot detection of IL-6 and phospho-STAT3(Tyr705). Tumors from untreated, castrated (C) and 
castrated+anti-IL-6-treated (C+anti-IL-6) recipients of BM18 xenografts were harvested at 4 weeks (a) and 12 weeks (b) post-
castration±anti-IL-6 therapy. Expression of IL-6 was detected with rabbit anti-human IL-6 (1:100, Santa Cruz, Cat. sc-12978) and pSTAT3 
was detected with rabbit anti-human pSTAT3(Tyr705) (1:500, Cell Signaling Technology, Cat. 9131S). Odyssey Blocking Buffer (Li-
Cor)/0.05%(v/v) Tween-20 was used for antibody dilution and washing of membranes. Mouse anti-pan-actin (1:5,000, Neomarkers, Cat. 
MS-1295-PO) was utilized for normalization of protein loading (data not shown). Goat anti-rabbit IRDye800W (1:2,500, Rockland, Cat. 
605-431-013) and Goat anti-mouse AlexaFluor 680 (1:5,000, Molecular Probes) secondary antibodies were utilized to detect primary 
antibody-bound IL-6 and pSTAT3 or pan-actin, respectively. Targets were visualized on the Odyssey Infrared Imaging System and
quantitated on the Odyssey Application Software (Version 1.2.15, Li-Cor). 
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without anti-IL-6 therapy exhibited a reduction in IL-6 protein (Fig. 6a, upper). Although the antibody-

treated tissue appeared to express slightly higher levels of IL-6 at 4 weeks, the differences were not 

statistically significant (p=0.15). By 12 weeks, IL-6 levels in tumors of anti-IL-6-treated recipients 

were reduced ~3-fold as compared to the corresponding treatment group at 4 weeks (Fig. 6b, upper), 

and this was virtually statistically significant (p=0.057). However, there was no statistically significant 

difference in tumor IL-6 levels between castrated recipients with or without anti-IL-6 therapy (p=0.28), 

nor was there any significant difference in castrate-only recipients from 4 to 12 weeks (p=0.67). In 

short, though IL-6 protein levels appeared lower upon castration and trended downward with time in all 

treatment groups, anti-IL-6 therapy did not have a significant additional impact. 

Despite the apparent lack of significant effects upon total tumor IL-6 protein levels with anti-IL-6 

therapy, it remained possible that free un-bound and potentially active IL-6 was confined to cell 

cytosols while secreted IL-6 was sequestered by CNTO 328, thereby preventing IL-6-induced paracrine 

signaling regardless of total tumor IL-6 protein levels. If there was a biological effect upon IL-6 

signaling elicited by anti-IL-6 therapy, it would likely be manifest in a concomitant reduction of 

activated (phosphorylated) STAT3, an effector molecule that ultimately transduces IL-6 signals to 

regulate gene transcription via acute-phase response elements  (Lutticken et al., 1994; Stahl et al., 

1994). STAT proteins are ubiquitously expressed and their regulation at the transcript level is not 

important in cytokine signaling (Heinrich et al., 1998). The critical hallmark of cytokine signaling is 

phosphorylation of STAT. Upon engagement of IL-6 with its receptors and recruitment of Janus 

kinases, STAT3 is recruited for phosphorylation at tyrosine residue 705 (Tyr705) which induces 

dimerization, followed by translocation to the nucleus and DNA binding (Darnell et al., 1994; Ihle, 

1995). Importantly, while IL-6-stimulated activation of STAT3 in benign cells is transient, elevated 

levels of constitutively activated STAT3 are associated with cancerous prostate and are significantly 

correlated with more aggressive disease (Barton et al., 2004; Campbell et al., 2001; Mora et al., 2002). 

By 4 weeks post-castration, BM18 tumors exhibited an almost 2-fold increase in the active form of 

STAT3, pSTAT3(Tyr705), regardless of whether IL-6 neutralization was employed (Fig. 6a, lower). 

Ominously, by 12 weeks, activated STAT3 was even more elevated (>5-fold) in tumors after castration 

as compared to untreated BM18 tumors (Fig. 6b, lower) and the increase during that period in each 

corresponding treatment group was statistically significant (castrated 4 vs 12 weeks, p=0.0032; 

castrated+anti-IL-6, 4 vs 12 weeks, p=0.0004). CNTO 328 treatment of castrated BM18 recipients did 

not induce any statistically significant reduction in pSTAT3 as compared to samples from castrated 

recipients with no anti-IL-6 therapy at 12 weeks (p=0.66). Taken together, the IL-6R and gp130 mRNA 
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expression levels and IL-6 and pSTAT3 Western Immunoblot data suggest that either the CNTO 328 

antibody lacked efficacy in the BM18 xenograft model or that IL-6-initiated signaling is not a critical 

feature of BM18 tumor biology in the context of this experiment. Given the significant increases in 

gp130 expression and activated STAT3 protein in the absence of changes to IL-6 and IL-6R with anti-

IL-6 therapy, it is likely that some other IL-6-type family cytokine was responsible for signaling via 

gp130 and STAT3, e.g. IL-11, LIF, CT-1, CNTF or OSM. 

2c) Measure apoptosis and cellular proliferation in formalin fixed paraffin embedded BM18 xenograft 

tissue sections also collected from each of the experimental groups in Task 1b. 

This task was approached with an alternative methodology to rapidly generate results that could 

potentially inform our analyses and add novelty to our study.  The expression levels of various mRNA 

targets (Table III), including apoptosis (Bcl-2) and proliferation (CD71) markers, and indicators of 

prostate cancer progression and aggressiveness (PSA, AR, NSE), were measured using quantitative 

real-time PCR as described above (Fig. 7). 

Table III mRNA transcripts analyzed by quantitative real-time PCR 

Target Rationale 

Bcl-2 
• Associated with the emergence of androgen-independent prostate cancer (McDonnell et al., 1992) and 

progression to metastatic disease  (Furuya et al., 1996) 
• Protein levels of Bcl-2 decreased by CNTO 328 (Steiner et al., 2006) 

CD71 • Widely expressed by actively proliferating cells (Taetle, 1990; Tani et al., 2000) 
• Proliferating prostate-cancer cells express high levels of CD71 (Keer et al., 1990) 

PSA 
• PSA secretion into bloodstream 10-fold higher in prostate cancer than benign tissue (Stamey et al., 1987) 
• PSA levels proportional to volume of prostate cancer present in 90% of cases (Catalona and Loeb, 2005) 
• PSA levels directly correlated to prostate cancer aggressiveness (Antenor et al., 2005) 

AR • Increases in AR mRNA and protein necessary and sufficient for conversion of prostate cancer growth from 
androgen-dependent to hormone-refractory (Chen et al., 2004) 

NSE 
• Neuroendocrine (NE) differentiation a more reliable prognostic indicator than conventional grading systems 

(Cohen et al., 1991; Weinstein et al., 1996) 
• NE (neuron-specific enolase, NSE+) cell population increased in tumor foci and correlates with tumor 

progression, poor prognosis, and hormone refractory prostate cancer (di Sant'Agnese, 1992) 
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Not unexpectedly, Bcl-2 expression in regressed tumors was elevated, suggesting a possible 

mechanism for their escape from apoptosis after androgen withdrawal (Fig. 7a). This survival protein is 

another pSTAT3 target (Nielsen et al., 1999; Real et al., 2002), and its increase may be attributed to 

upregulation of activated STAT3 as detected by Western Immunoblot (refer to Fig. 6). 

Screening of serum for increases in prostate-specific antigen (PSA) attributed exclusively to prostatic 

epithelial cells, has been a front-line diagnostic measure of prostatic disease for nearly 20 years 

(Catalona et al., 1991). By this measure, regressed BM18 tumors in castrated recipients had a lower 

total disease burden as would be expected with much lower total cell numbers and cellularity. Though 

it remained below levels in tumors from untreated mice in all treatment groups for the duration of the 

Figure 7  Analysis of mRNA expression levels of various 
targets using quantitative real-time PCR.  BM18 transplant 
tissues harvested at 4 and 12 weeks post-castration±anti-IL-6 (C, 
C+anti-IL-6) were snap frozen, pulverized, and the isolated RNA 
converted to cDNA with human gene-specific primers. Tumor 
samples from treated recipients were compared to untreated 
BM18 tissue. Melt-curves for amplified products were analyzed to 
confirm synthesis of single specific products with the expected 
melting temperature and PCR products were run on high 
resolution agarose gels to confirm synthesis of single products of 
the expected length (data not shown) as per the Manufacturer’s 
recommendations (Applied Biosystems). Relative expression (a, 
b) was calculated using the ΔΔCT method (Winer et al., 1999); 
statistical significance was calculated using a paired or unpaired 
student’s t-test (Kirkman, 1996), where data sets had equal or 
unequal replicates, respectively. Changes from 4 to 12 weeks (c) 
were calculated by dividing 12-week relative expression by the 
corresponding 4 week values. C (4W): n=4; C+anti-IL-6 (4W): 
n=6; C, C+anti-IL-6 (12W):n=3. 
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experiment and there were no significant differences with CNTO 328 administration, the increase from 

4 to 12 weeks with anti-IL-6 therapy was statistically significant (p=0.039). Rising PSA levels with 

time are considered a prognostic indicator of future disease recurrence (Carter et al., 1992), hence, 

continuation of this trend over time would be consistent with eventual disease recurrence. 

The dramatic increase in the neuroendocrine marker neuron-specific enolase (NSE) in castrated 

prostate tumor recipients (Fig. 7b) is consistent with numerous studies where investigators reported 

neuroendocrine differentiation upon androgen withdrawal (Ismail et al., 2002; Ito et al., 2001; Jongsma 

et al., 1999). It has also been reported that differentiation toward this lineage increases with time after 

androgen ablation therapy (Ito et al., 2001). The current study corroborates these observations, as both 

treatment groups exhibited marked increases in NSE expression compared to untreated BM18 tumors, 

and the increases became even more pronounced from 4 to 12 weeks post-castration (Fig. 7b). 

Importantly, as was the case for PSA, the anti-IL-6-treated BM18 tumors demonstrated a statistically 

significant increase in NSE during the course of the experiment from ~19-fold versus untreated tumors 

at 4 weeks to ~56-fold at 12 weeks (Fig. 7b), representing a ~6-fold increase (Fig. 7c). Given the 

rationale for analysis of PSA and NSE (i.e., poor prognostic indicators – refer to Table III), these 

critical observations suggest that anti-IL-6 therapy of BM18 or similar prostate tumors may actually 

accelerate progression of disease toward a hormone-refractory incurable cancer. 

It has been reported that CNTO 328 treatment in another human prostate xenograft model yielded a 

reduction in proliferative cells, as indicated by Ki-67 immunoreactivity (Steiner et al., 2006). In light of 

the lack of re-growth of regressed BM18 tumors after castration, it would be expected that expression 

of another robust marker of proliferation (CD71) would also be reduced, perhaps more so with CNTO 

328 administration. However, this was not the case. In fact, there was a slight increase in expression 

with anti-IL therapy, and an increase with time in both treatment groups (Fig. 7a). Previous studies 

have demonstrated that neoplastic NE cells are non-proliferative and the aggressiveness of the ensuing 

cancerous growth can be attributed to their paracrine stimulation of adjacent non-NE cells (Bonkhoff et 

al., 1995; Bonkhoff et al., 1991). These observations may explain why there was a slight increase in the 

expression of the proliferation-associated CD71 during the course of the experiment (Fig. 7c) despite 

the apparent increase in non-proliferative neuroendocrine character. Possibly, any significant CD71 

increase in adjacent non-NE cells resulting from paracrine stimulation may have been masked by the 

dominance of the non-proliferative NE cells in the sample or even dampened by CNTO 328 

administration. 
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It has been demonstrated that NE cells lack detectable AR (Bonkhoff et al., 1993; Krijnen et al., 1993), 

suggesting these cells are hormone-refractory (Bonkhoff, 1998). The statistically significant reduction 

in AR and concomitant increase in NSE expression observed in tumors of IL-6-treated mice from 4 to 

12 weeks (Fig. 7a) is consistent with this and suggests progression towards androgen independence. 

Indeed, the very survival of cells in regressed tumors of castrated hosts is strong presumptive evidence 

of their hormone-refractory status. However, the presence of AR expression in what may be 

predominantly neuroendocrine tissue suggests the maintenance of a non-NE cell population within 

these tumors. The presence of potentially proliferative hormone-responsive cells among these 

hormone-refractory non-proliferative cells in regressed BM18 tumors has been confirmed previously, 

as evidenced by robust re-growth upon exogenous androgen replacement (E. Williams, unpublished 

observations). Precisely why BM18 tumors in castrated±anti-IL-6-treated recipients with dominant 

neuroendocrine character and potentially proliferative CD71+ cells did not progress to androgen-

independent re-growth during this experiment is unknown, but may have been due to the relatively 

short time-frame or elusive stimuli that were absent due to inter-species incompatibility between 

human tumor and mouse stromal cells. 

Aim 2. Describe the IL-6 signaling cytokines and their respective receptors in human prostate cancer 

bone metastases. 

Task 1. To characterize key components of the IL-6 axis in PrCa bone metastases from patient 

biopsies, i.e. examining which cells express particular proteins of the axis: 

1a) To perform immunohistochemistry on formalin-fixed, paraffin wax embedded PrCa bone 

metastasis tumors obtained from PrCa patient biopsies (currently n=40) to examine the expression and 

localization of the IL-6 family of cytokines and their respective receptors. 

While expression and localization of IL-6 and gp130 has been studied in organ-confined PrCa, the key 

mediators of the IL-6/gp130 signaling pathway have not been previously assessed in prostatic bone 

metastases. We therefore examined a cohort of 14 bone metastases from human patients for expression 

and localization of IL-6, IL-6R and phospho-gp130 using immunohistochemistry. 
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PrCa Bone Mets: IL-6/pGP130 axis
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Table IV Average frequency of cells positive for IL-6R, phospho-gp130 and IL-6 in human bone 

metastasis samples. 

Sample IL-6R phospho-gp130 IL-6
BM19 100 97 88
BM21 85 98 77
03R56 93 72 87
BM11 71 97 60

155938 100 27 98
BM5 61 75 75

244210 92 20 93
958580 97 25 80
BM18b 67 67 63

BM7 59 63 37
BM8 0 64 82

193970b 0 77 59
180606B 21 0 88
169463 0 1 98

 

All cells in all fields of at least three sections from each patient biopsy were scored for the frequency of 

IL-6R, phospho-130 and IL-6 positive cells. 

 

 

 

 

 

 

 

 

 

 
Figure 8 Frequency of cells positive for IL-6R, pGP130 (phospho-gp130) and IL-6 in human patient bone metastasis 
biopsies.  

Our investigations with archival patient biopsies have revealed that all PrCa bone metastases examined 

(n=14) expressed IL-6 on an overwhelming majority of cells (78±5%). The IL-6 receptor was 

expressed in 11/14 cases by 77±7% of PrCa cells. Activated phospho-gp130 was expressed in all but 

one case (13/14), and was expressed in the majority of cells (79±5%) in 9/14 cases. Thus, members of 

the IL-6/gp130 axis are present in a high proportion of bone metastatic PrCa cells in most cases. 
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To measure the overall expression levels of these markers within the bone metastasis samples, all cells 

within all fields of at least three sections of each biopsy were scored from 0-3 with respect to staining 

intensity and the results averaged (Table V, Fig. 9). 

Table V Average intensity of IL-6R, phospho-gp130 and IL-6 staining in human bone metastasis 

samples. 

Sample IL-6R phospho-gp130 IL-6
03R56 59 36 57
958580 57 8 66
155938 37 10 81
244210 58 7 60
BM19 38 35 52
BM5 26 48 51
BM21 29 33 42
BM11 26 34 43

BM18b 27 22 45
BM8 0 22 53

193970b 0 46 23
180606B 13 0 54

BM7 20 24 21
169463 0 0 61

 

Cells with no signal were scored with intensity = 0. All positive cells were scored from 1 (low) to 3 

(high). To calculate a measure of average overall intensity for each marker, the frequency of positive 

cells with a given intensity was multiplied by that intensity and the frequency-intensity products for the 

degrees of intensity 1-3 were averaged. For example, in scoring the intensity of IL-6R in sample 

03R56, it was found that 40% of positive cells were intensity = 3 (40 x 3), 5% of positive cells were 2 

(5 x 2) and 48% of positive cells were scored 1 (48 x 1). Therefore, the average overall intensity is 

calculated as ((40 x 3) + (5 x 2) + (48 x 1)) / 3 = 59 of a possible 100 (Table V, row 2, column 2). 
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Figure 9 Intensity of staining in cells positive for IL-6R, pGP130 (phospho-gp130) and IL-6 in human bone metastasis 
samples. 

For IL-6R, the overall average intensity of positive cells in all samples was 35±16 of a possible 100. 

For phospho-gp130, the overall average intensity of positive cells in all samples was 27±14 of a 

possible 100, and for IL-6 the overall average intensity of positive cells was 51±16 of a possible 100. 

Clearly, significant levels of IL-6R, phospho-gp130 and IL-6 were present in this cohort of bone 

metastases. Together with the high frequency of expression of these markers, these data provide strong 

presumptive evidence that the IL-6/gp130 signaling axis is an important pathway in prostate cancer 

bone metastases. 
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Key Research Accomplishments 

• Successfully performed harvest and serial transplantation of BM18 xenografts into SCID mouse 

recipients 

• Developed high-throughput method of assaying protein concentration in 96-well plate format using 

BMG Labtech’s FLUOStar Optima fluorescent plate reader 

• Achieved competency in SDS-PAGE and Western Immunoblotting techniques 

• Achieved competency in near-infrared fluorescent detection of Western Immunoblot targets with 

visualization on the Li-Cor Odyssey imaging system 

• Achieved competency in visualization of Western Immunoblot targets using the Pierce 

Biotechnology SuperSignal West Femto Chemiluminescence system 

• Optimized detection of pan-actin, IL-6, sIL-6R and STAT3 in PrCa cell lines and IL-6 and 

pSTAT3(Tyr705) in BM18 xenograft tissue by Western Immunoblotting 

• Characterized frequency and intensity of IL-6R, phospho-gp130 and IL-6 expression in a cohort of 

human prostate cancer bone metastases that to our knowledge has only ever been reported in organ-

confined prostate cancer 

• Provided further evidence implicating IL-6 signaling in bone-metastatic prostate cancer 

• Characterized response to anti-IL-6 therapy in a hormone-dependent prostate cancer xenograft, 

thereby implicating other IL-6-type cytokines in increased gp130 and pSTAT3 

• Provided further evidence that androgen deprivation therapy induces increases in survival protein 

Bcl-2, prognostic marker PSA and neuroendocrine differentiation and may therefore create the pre-

conditions for a much more dangerous hormone-refractory disease recurrence 
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Reportable Outcomes 
Abstracts/presentations: 
Sep 2007 Department of Defense IMPaCT (Innovative Minds in Prostate Cancer Today) meeting, 

Atlanta, GA, U.S.A. Poster presentation 
Feb 2008  Lorne Cancer Conference, Lorne, Victoria, Australia. Poster presentation 
 
Employment or research opportunities applied for and/or received based on experience/training 
supported by this grant: 
Mar 2008  National Breast Cancer Foundation (NBCF, Australia) Postdoctoral Fellowship, Cancer 

Biology Laboratory, Peter MacCallum Cancer Centre, East Melbourne, Victoria, 
Australia. 

Oct 2008   Ramaciotti Foundation Establishment Grant ($30,000) 
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Conclusion 
Collectively, the data presented herein demonstrate that while IL-6 signaling is implicated in many 

cases of aggressive bone-metastatic prostate cancer, there is no compelling proof that IL-6 is a critical 

determinant in BM18 growth or survival in the current experimental context. This is consistent with a 

previous study where hormone-responsive and PSA-secreting prostate cancer cell lines did not secrete 

detectable IL-6 as measured by ELISA (Twillie et al., 1995), although limitations of detection must be 

considered (refer to Fig. 3 discussion). It has been noted previously that anti-IL-6 therapy for IL-6-

secreting prostate cancer xenografts has yielded mixed results, with one responding and two others 

refractory (Smith and Keller, 2001; Zaki et al., 2004). This and other data led to the suggestion that 

targeting IL-6 with antibodies may ameliorate only a subset of prostate cancers  (Steiner et al., 2006) 

and perhaps BM18 is not one of them. 

Significantly, this study has corroborated a growing literature suggesting that androgen deprivation 

therapy induces neuroendocrine differentiation and other changes that yield a potentially much more 

dangerous phenotype, increasing the likelihood of hormone-refractory disease emerging in the future. 
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