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Abstract: Prostate cancer is a worldwide problem. While the role of caveolin-1 has been extensively 
studied, little is known about the role of caveolin-2 (CAV2) in prostate cancer. Up-regulation of 
CAV2 in androgen independent PC3 cells compared to normal prostate cell line and androgen 
dependent prostate cancer cell lines has been observed. Recent studies suggest that up-regulation of 
CAV2 plays an important role in androgen independent prostate cancer. This study investigates 
whether CAV2 is important in mediating the aggressive phenotypes seen in androgen independent 
prostate cancer cells. The androgen independent prostate cancer cell line, PC3 was used that has been 
shown to express CAV2, and CAV2 knock down was performed using siRNA system. Changes to 
cell number, migration and invasion were assessed after knocking down CAV2. Our results showed 
that down-regulating CAV2 resulted in reduced cell numbers, migration and invasion in PC3 cells. 
This preliminary study suggests that CAV2 may act to promote malignant behavior in an androgen 
independent prostate cancer cell line. Further studies are required to fully elucidate the role of CAV2 
in androgen independent prostate cancer. 
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1. Introduction 

 
Caveolae are small, “omega-shaped” invaginations at the plasma membrane that have been 

shown to be involved in signal transduction, mechanosensing and vesicle trafficking [1,2]. Within 
caveola, there are caveola-associated molecules, including; caveolin-1 (CAV1), caveolin-2 (CAV2) 
and caveolin-3 (only expressed in muscle cells) [2]. Caveolin-2 (CAV2) is a 22kDa protein that is 
present abundantly in white adipose tissue and its expression is induced during the process of 
adipocyte differentiation [3]. Although reports suggest that the expression of CAV2 is not essential in 
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caveola formation, co-expression of this molecule with CAV1 results in more caveolae being formed 
with better invaginations, suggesting that CAV2 plays a supporting role in this process [4,5]. CAV2 
is reported to be expressed concurrently with CAV1 and is able to form oligomers with CAV1 in 
adipocytes, fibroblasts and endothelial cells through the process of hetero-oligomerization [6]. In 
addition, Rybin et al. reported that CAV2 is able to interact with CAV3 in cardiac muscle cells [7]. 

With the successful generation of CAV2 knock out mice, the importance of this gene in 
pathophysiological processes has been characterized. CAV2 knock out mice demonstrate changes in 
the lung, which include increased numbers of endothelial cells, thickening of alveolar septa and 
hypercellularity of lung parenchyma [5]. However, CAV2 null mice do not show any changes in the 
number of caveolae [5,8]. 

The expression of CAV2 has also been reported to be dysregulated in several cancers. 
Immunohistochemical evaluation of CAV2 expression in clinical specimens suggests that CAV2 has 
a tumor promoter role in breast cancer because CAV2 is significantly associated with higher tumor 
grade, larger tumor size and decrease in overall survival [9,10]. Apart from breast cancer, there are 
reports that the expression of CAV2 is associated with tumor grade in bladder cancer and decreased 
survival rate in esophageal squamous cell carcinoma [11,12].  

In prostate cancer, Gould et al. reported that the expression of CAV2 is reduced in androgen 
dependent LNCaP cells but present in androgen independent PC3 prostate cancer cell line. The aim 
of this study is to understand the significance of CAV2 expression in an androgen independent 
prostate cancer cell line and whether down-regulating CAV2 reduces the aggressive phenotypes of 
these cells. 

 
2. Materials and Methods 

 
2.1. Cell culture 

 
Androgen independent prostate cancer cell line, PC3 (ATCC: CRL-1435) were grown in 

RPMI-1640 medium (Invitrogen, Carlsbad, CA, USA) supplemented with 10% fetal bovine serum 
(FBS) (Thermo Fisher Scientific, Waltham, MA, USA). Cells were grown in a humidified incubator 
at 37 °C with 5% CO2.  

 
2.2. Gene knock-down using CAV2 siRNA  

 
Pooled small interfering RNA (siRNA) that targets human CAV2 was purchased from Santa Cruz 

(Santa Cruz Biotechnologies, California, USA). For a control, scrambled sequence of siRNA (control 
siRNA) that was known to not cause specific degradation of mRNA, was purchased from Santa Cruz 
(Santa Cruz Biotechnologies, California, USA). Cells were transfected as described by manufacturer’s 
protocol. Briefly, 2.5 × 104 cells or 8.0 × 104 were seeded in 24 or 6 well plate. Three microliter of 
siRNA Transfection Reagent (Santa Cruz Biotechnologies, California, USA) and a final concentration 
of 120 nM of siRNA were added together into each well in a final volume of 200 μL. Cells were 
returned to the humidified incubator at 37 °C with 5% CO2 for 8 hours and thereafter 200 μL of 
complete medium was added to each respective well. Cells were cultured for 24 hours. The following 
day, culture medium from each well was removed and replaced with fresh complete medium. Cells 
were cultured for another 48 hours and were harvested for further experiments. 
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2.3. Western blot 
 
Seventy-two hours post transfection, cells were harvested for Western blot analysis. Briefly, a total 

of 5.0 × 104 cells suspended in Complete® Protease Cocktail Inhibitor (Roche Diagnostics, Basel, 
Switzerland) was loaded to each well and electrophoresed at 100 V for 90 mins and transferred in ice 
cold buffer at 200 mA for 90 mins. Membrane was then blocked for an hour with Odyssey Blocking 
Solution (LI-COR Biosciences, Lincoln, Nebraska, USA) over a shaker and thereafter, incubated with 
CAV2 antibody (1:2000) (Cell Signaling Technology®, Danvers, MA, USA) along with GAPDH 
antibody (1:10,000) (Abcam, Cambridge, UK) overnight at 4 °C diluted with Odyssey Blocking Solution. 
The following day, a secondary antibody was added at a dilution of 1:10,000 (or 1:20,000 for GAPDH) 
(LI-COR Biosciences, Lincoln, Nebraska, USA) for two hours in room temperature protected from light. 
The membrane was then washed with TBS and TBS-T before being dried and scanned with Odyssey 
Infrared Imager (LI-COR Biosciences, Lincoln, Nebraska, USA). Quantification of protein expression 
was performed using Odyssey Application Software Version 3.0 (LI-COR Biosciences, Lincoln, 
Nebraska, USA). The result was expressed as optical density of the protein expression relative to the 
housekeeping protein. 

 
2.4. Proliferation assay 

 
Proliferation assays were performed using the CellTiter 96 Aqueous Non-Radioactive cell 

proliferation kit (Promega, Madison, USA). Briefly, 72 hours post transfection, cells were incubated 
with the assay reagent and the absorbance was measured at 490nm wavelength using Synergy 2 
Multi-Mode Microplate Reader (Biotek, Winooski, USA).  

 
2.5. Migration assay 

 
Migration assays were carried out with the use of Transwell inserts (Corning, NY, USA). Cells 

were harvested 72 hours post transfection and were re-suspended in serum free medium before being 
re-seeded (8.0 × 104) into the pre-hydrated migration insert and was left migrated for 48 hours in the 
presence of medium supplemented with 20% of FBS as chemo-attractant. Migration inserts were 
washed with 1× PBS and fixed with 4% paraformaldehyde for 15 mins. Then, inserts were washed 
with 1× PBS and left to air dry before being stained with 0.5% (w/v) aqueous crystal violet for 30 
mins. Tap water was used to wash the inserts to remove remaining crystal violet in the inserts. With 
the use of a pre-wet cotton swab, cells that did not migrate through the polycarbonate membrane 
were removed from the upper surface of the inserts. Inserts were then visualized under a stereo 
microscope (Nikon SMZ 1500). Three random images per insert were taken with the use of a digital 
camera and its software (Nikon DXM1200F). The number of migrated cells in each image was 
counted. 

 
2.6. Invasion assay 

 
BD Biocoat Matrigel invasion chambers were purchased from BD Biosciences (BD Biosciences, 

CA, USA). Cells were harvested 72 hours post transfection, re-suspended in serum free medium 
before reseeded (8.0 × 104) into the invasion chamber and incubated for 48 hours in the presence of 
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medium supplemented with 20% of FBS as chemo-attractant. Forty-eight hours later, invasion inserts 
were fixed and stained as described in migration assay. 
 
2.7. Statistical analyses 

 
Statistical analyses were performed with Graph Pad Prism 6.0 software (La Jolla, California, 

USA). Data are presented as mean ± SE. Three replicates of sample were used per experiment and 
the mean of the three replicates was recorded. Each experiment was then repeated three times, where 
the final sample size (n = 3) denotes the mean results from 3 independent experiments. Statistical 
significance was achieved with a p-value < 0.05. 
 
3. Results and Discussion 

 
Recently, a study examined the plasma level of CAV2 in castrate resistance prostate cancer 

(CRPC) and showed that CAV2 was significantly up-regulated in the plasma samples compared to 
non-CRPC patients [13]. However, there was no association with clinico-pathological parameters 
such as Gleason grade and tumor stage [13]. The authors also showed that the expression of CAV2 
and CAV1 was significantly up-regulated in androgen independent PC3 cells compared to androgen 
dependent LNCaP cells [13], confirming the earlier findings of Gould et al. [14]. This may suggest 
that CAV2 may act as a tumor promoter in CRPC. 

Therefore, we postulated that knocking down CAV2 in PC3 cells would reduce the aggressive 
phenotype of the cells. We used androgen independent PC3 cells as a model of our study and PC3 
cells were exposed to CAV2 siRNA for 72 hours before harvested for western analysis for CAV2 
expression. Western blot demonstrated successful reduction of CAV2 protein level (Student’s t-test p 
< 0.001) (Figure 1).  

Knocking down CAV2 significantly reduced the number of PC3 cells (Student’s t-test p < 0.001) 
(Figure 2A). There was a significant decrease in cell migration compared to controls (Figure 2B) 
(Student’s t-test *p < 0.05). Decreased cell invasion was also noted after knocking down CAV2 in 
PC3 cells (Student’s t-test p < 0.01) (Figure 2C). Therefore, this study suggests that CAV2 may play a 
role in mediating the aggressive phenotypes in CRPC.  

 

 
 

Figure 1. Western blot analysis of CAV2 expression after CAV2 siRNA treatment. Data 
represent mean ± SE, Student’s t-test ***p < 0.001, n = 3. 
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Figure 2. (A) Reduction in cell number was noted after knocking down CAV2. (B) 
Knocking down CAV2 significantly decreased migration capacity of PC3 cells. (C) CAV2 
knock down significantly decreased the invasion of PC3 cells. Data represent mean ± SE, 
Student’s t-test *p < 0.05, **p < 0.01, ***p < 0.001, n = 3. 

 
Nevertheless, there are several limitations to this study. This study only looked at one time point 

and use a single siRNA concentration to knock down CAV2. Also, only a single cell line is used to 
examine the effect of knocking down CAV2. Furthermore, this study only used a pool of three CAV2 
siRNAs for the experiments. While siRNA pools have several advantages over individual siRNA 
duplexes including; greater phenotypic penetrance and a greater likelihood to generate loss of 
function phenotypes [15], in the future, further studies using another sequence of siRNA are required 
to validate the specificity of the effects observed in this study. Subsequently, knocking down CAV2 in 
other prostate cancer cell lines and over-expressing CAV2 in prostate cancer cells with low 
endogenous CAV2 will further support our current findings. Collectively, our current data should be 
interpreted with care until it is supported by future studies as described above. 

Apart from prostate cancer, recent reports also suggest a role for CAV2 in several other cancers. 
In breast cancer, the expression of CAV2 is associated with a decrease in overall survival of patients 
and it has been postulated that CAV2 has a tumor promoter role in breast carcinogenesis [9]. Further, 
up-regulation of CAV2 expression was observed in inflammatory disease of the breast and triple 
negative breast cancer [10,16]. CAV2 is also positively associated with the tumor grade of urothelial 
carcinoma of the bladder [11]. Similarly, in patients with esophageal squamous cell carcinoma CAV2 
immunopositivity was associated with a decreased survival rate compared to patients who were 
negative for CAV2 [12]. It has been shown that the loss of microRNA-218 leads to an increase in 
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aggressive phenotypes (migration and invasion) of renal cell carcinoma by directly targeting CAV2 [17]. 
Taken together, it is tempting to suggest that CAV2 acts as a tumor promoter in these cancers. 
Nevertheless, further experiments are required before the prognostic and therapeutic value of CAV2 
can be fully elucidated. 

 
4. Conclusion 

 
Our preliminary findings suggest that up-regulation of CAV2 may play a role in mediating the 

aggressive phenotypes seen in androgen independent prostate cancer. However, more studies are 
required to fully understand the biology of CAV2 in androgen independent prostate cancer. 
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