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Abstract

Hepatoma-derived growth factor (HDGF) is a heparin-binding growth factor which has previously 

been shown to be expressed in a variety of cancers. HDGF over-expression has also previously 

been correlated with a poor prognosis in several cancers. The significance of HDGF in prostate 

cancer, however, has not been investigated. Here, we show that HDGF is over-expressed in both 

androgen-sensitive LNCaP cells and androgen-insensitive DU145, 22RV1 and PC-3 cells. Forced 

over-expression enhanced cell viability of RWPE-1 cells, while HDGF knockdown reduced cell 

proliferation in human prostate cancer cells. We also show that HDGF may serve as a survival 

related protein as ectopic over-expression of HDGF in RWPE cells up-regulated the expression of 

anti-apoptosis proteins cyclin E and BCL-2, while simultaneously down-regulating pro-apoptotic 

protein BAX. Western blot analysis also showed that HDGF over-expression modulated the 

activity of phospho AKT as well as NF-kB, and these results correlated with in vitro migration and 

invasion assays. We next assessed the therapeutic potential of HDGF inhibition with a HDGF 

monoclonal antibody and vitamin k2, showing reduced cell proliferation as well as inhibition of 

NF-kB expression in HDGF over-expressed RWPE cells treated with a HDGF monoclonal 

antibody and vitamin K2. Collectively, our results suggest that HDGF is a relevant protein in 

prostate oncogenesis and may serve as a potential therapeutic target in prostate cancer.
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1. Introduction

Prostate cancer (PCa) is one the most commonly diagnosed cancers and is currently the 

second leading cause of cancer-related deaths among men in the U.S. [1]. While surgery, 

androgen ablation and radiation therapy are effective treatments of prostate cancer, cases 

commonly progress to a hormone independent state. The current standard of treatment in 

advanced, hormone-refractory prostate cancer is unsatisfactory [2]. New modalities of 

treatment are, therefore, needed. Deeper understanding of the molecular mechanisms 

underlying PCa development and progression may lead to the development of novel targeted 

therapies designed to treat PCa.

Hepatoma-derived growth factor, HDGF, is a heparin-binding growth factor originally 

identified after being purified from supernatant cultures of human hepatoma cell lines [3]. 

Previous works have shown HDGF to be a potent mitogen, stimulating the growth of 

vascular smooth muscle cells, hepatoma cells and endothelial cells [4; 5; 6]. HDGF has also 

been shown to be highly expressed in a variety of malignancies, including hepatocellular 

carcinoma (HCC), gastric cancer, non-small cell lung cancer (NSCLC), pancreatic cancer 

and melanoma [7; 8; 9; 10; 11]. Over-expression of HDGF also appears to correlate with a 

poor prognosis in patients with HCC, lung and gastric cancers [7; 8; 9]. Although the 

underlying molecular mechanisms by which HDGF promotes carcinogenesis are not entirely 

understood, it appears to play a critical role in the development of a variety of malignancies 

and appears to be involved in a variety of cancer promoting processes, including cancer cell 

growth, regulation of apoptosis, angiogenesis and invasion [12; 13; 14; 15; 16]. In pre-

clinical models, therapeutic targeting of HDGF appears to have anti-cancer properties. Zhao 

and colleagues showed that anti-HDGF neutralizing antibodies in combination with 

bevacizumab and chemotherapy prevented relapse of NSCLC in a heterotransplant model, 

while Kishima and colleagues showed that antisense oligonucleotides of HDGF suppressed 

growth of hepatoma cells [6; 17].

Despite its known role in the development and pathogenesis of other malignancies, little is 

known about the potential role HDGF may play in the development of PCa. We, therefore, 

set out to characterize HDGF in the development of PCa as well as its potential anti-cancer 

properties by targeted inhibition in PCa cell lines.

2. Materials and Methods

Chemicals and reagents

Fetal calf serum (FCS) and RPMI-1640 were obtained from American Type Cell Culture 

(ATCC), Manassas, VA, USA. HDGF overexpression plasmid was obtained from OriGene 

Technologies (Rockville, MD). Cell viability assay kit was purchased from Dojindo 

Molecular Technologies Inc., Gaithersburg, MD. Lipofectamine 2000 was purchased from 

Invitrogen (Carlsbad, CA). Vitamin K2 (VK2) was obtained from Sigma Aldrich (St. Louis, 

MO). Matrigel was obtained from BD Biosciences (San Jose, CA). Transwell culture inserts 

were purchased from Corning, USA.
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Cell lines and cell culture

RWPE-1, LNCaP, DU-145, 22RV1 and PC-3 cell lines were obtained from American Type 

Cell Culture (ATCC), Manassas, VA, USA. RWPE-1 cells were cultured in keratinocyte 

serum free medium (KSFM) supplemented with bovine pituitary extract and epidermal 

growth factor (Thermo Fisher Scientific). Prostate cancer cells were cultured in RPMI 

medium supplemented with 10% FCS and 50 mg/mL gentamycin. Cells were maintained at 

37°C, 5% CO2 environment

Transient transfection

We selected two sites in the HDGF mRNA sequence as siRNA targets based on principles 

described previously [18]. The targeted HDGF sequences, based on which the siRNAs were 

chemically synthesized by IDT Technologies (Coralville, IA), were 5′-

AACCGGCAGAAGGAGUACAAA-3′ (siRNA-1) and 5′-

AAAUCAACAGCCAACAAAUAC-3′ (siRNA-2). The negative control siRNAs were also 

purchased from IDT. In vitro transfections were done using Lipofectamine 2000 (Invitrogen, 

Carlsbad, CA) following manufacturer’s protocols.

Cell viability assay

RWPE-1, LNCaP and PC-3 cells (2×103 cells/ml) were seeded in 96-well tissue culture 

plates and incubated until cells attached to wells. LNCaP and PC-3 cells were then 

transfected with a final concentration of 100 nM HDGF siRNA or control siRNA for 24, 48 

and 72 hours, while RWPE cells were transfected with a final concentration of 100nM of 

HDGF-pcDNA3.1 or pcDNA3.1 for 24, 48 or 72 hours. Cell viabilities were determined 

using a cell counting kit-8 (CCK-8) from Dojindo Molecular Technologies. Optical density 

was measured at 450 nm using a BIO-RAD microplate reader model 680.

Cell Cycle analysis

HDGF-pcDNA3.1 or pcDNA3.1 transfected RWPE-1 cells seeded in 6-well plates were 

incubated for 48 h. Following this, cells were harvested and washed twice with phosphate-

buffered saline (PBS). Cell pellets were fixed in 70% ethanol, treated with RNase A (Sigma-

Aldrich) and stained with propidium iodide (Sigma-Aldrich). DNA content data were 

acquired using CELLQuest software on a flow cytometer (FACSCalibur; Becton Dickinson, 

Mountain View, CA).

Western blot analysis

HDGF-pcDNA3.1 transfected RWPE cells were lysed with sample solubilizing buffer and 

subjected to SDS-PAGE, transferred to nitrocellulose membrane for Western blot analysis. 

The following antibodies were used for immunoblotting: anti-HDGF (Santa Cruz 

Biotechnology Inc), anti-NF-kB (MBL International Inc.), anti-BCL2 (Cell Signaling 

Technologies), anti-BAX (Cell Signaling Technologies), anti-cyclin E (Cell Signaling 

Technologies), anti-AKT (Cell Signaling Technologies), anti-phosphorylated AKT (pAKT) 

(Ser473)(Cell Signaling Technologies) and anti beta-Actin-peroxidase (Sigma Aldrich) 

antibodies were used with vendor’s recommended dilutions. Cells transfected with empty 

vector were used as controls.
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Real Time PCR analysis

Expression levels of HDGF in RWPE-1 and PCa cells (LNCaP, 22Rv1, PC-3 and DU145) 

were analyzed by the quantitative Real-Time PCR method. High-capacity cDNA reverse 

transcription kit (Applied Biosystem, CA, USA) was used to synthesize the cDNA from 

mRNA in Mastercycler PCR machine (Eppendorf, USA). 100ng of cDNA was used to 

quantify the expression of HDGF using SYBR Green quantification method (Thermo 

Scientific, USA). Premade HDGF and Actin primers were obtained from Sigma-Aldrich. 

The real time PCR was performed using Applied Biosystems (7300 RT PCR) Thermocycler 

two step cycling protocol set by 40 cycles with 10 minutes initial denaturation at 95°C, 

further denaturation at 95°C for 15 seconds and followed by annealing/extension at 60°C for 

60 minutes. The Ct values were extracted using the SDS-software (Applied Biosystems, CA, 

USA).

Confocal Immunofluorescence Analysis

LNCaP cells were cultured in 8-well chamber tissue culture slides. At 80–90% confluence, 

cells were washed with phosphate-buffered saline (PBS) and fixed in 4% formaldehyde for 

15 min at room temperature and followed by three washings with PBS. Cells were blocked 

for 1 h in 5% Goat normal serum/phosphate-buffered saline (Invitrogen) and incubated with 

a mouse monoclonal IgG anti-HDGF antibody (1:500) (Santa Cruz Biotechnology, Santa 

Cruz, CA) for overnight at 4°C temperature. Goat anti-mouse IgG secondary antibody 

conjugated with FITC (Invitrogen) (1:50) along with 30 nM DAPI were used for 

visualization. The wells were subsequently washed with PBS and layered with Fluorogel 

(Electron Microscopy Sciences, Hatfield, PA, USA) for visual analysis using Olympus 

Fluoview confocal microscope.

Boyden chamber assay

Control RWPE-1 and RWPE-1 cells transfected with HDGF for 48h were collected and 

subsequently seeded in a Transwell (Corning) chamber and incubated for 24 h. Cells were 

then removed from the top of the membrane using a pipette and any remaining cells were 

removed using a Q-tip. A HEMA 3 staining set from Fisher Scientific was used to fix and 

stain the cells. Following this, each membrane was rinsed with water and any remaining 

stain was removed from the top of each membrane using a Q-tip. Membranes were analyzed 

for cell migration using a light microscope (Nikon). Invasion assays were performed in 

Transwell chambers coated with matrigel.

Statistical Analysis

Statistical analysis was performed with Graph Pad Prism 5 software. Data were compared 

using Student’s t-test. P < 0.05 was considered statistically significant.

3. Results

3.1 HDGF expression in human prostate cancer cells

To investigate the possible role of HDGF in prostate oncogenesis, first we examined the 

expression levels of HDGF by Western blot analysis in a benign prostate cell line, RWPE-1, 
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and in 4 different PCa cell lines, LNCaP, 22RV1, DU145 and PC-3. As shown in Figure 1a, 

HDGF appears to be over-expressed in all 4 PCa cell lines, while being minimally expressed 

in RWPE-1 cells. While the highest relative expression levels were found in the androgen 

sensitive LNCaP cell line, markedly increased expression levels were also found in the 3 

androgen independent cell lines, 22RV1, DU145 and PC-3. Further, we also analyzed the 

HDGF mRNA levels in the above indicated cell lines by real time PCR analysis (Figure 1c). 

Results of this analysis also showed that HDGF is highly expressed in PCa cell lines 

compared to benign RWPE-1 cells. As LNCaP cells relatively express higher levels of 

HDGF, we used this cell line to determine the expression by confocal immunofluorescence 

analysis. Interestingly these results showed that HDGF is predominantly localized in nucleus 

(Figure 2).

3.2 Effects of HDGF over-expression and gene silencing on cell viability and proliferation 
of RWPE-1, LNCaP and PC-3 cells

To further explore the potential role of HDGF in prostate cancer, we examined the effects of 

HDGF over-expression in RWPE-1. As shown in Figure 3c, ectopically over-expressed 

HDGF in RWPE-1 cells resulted in a 1.5 fold increased proliferative rate 48 hours post-

transfection. Since increased proliferation is a hallmark of PCa, our cell proliferation results 

suggest that HDGF may have an important role in the development of PCa. In 

complementary to these findings, down regulation of HDGF by siRNA significantly 

inhibited the cell proliferation of both androgen-dependent LNCaP cells and androgen 

independent PC-3 cells (Figure 4). Taken together these results assert that HDGF is a 

survival related molecule important for prostate oncogenesis. We next examined the effects 

of HDGF over-expression on cell cycle progression (Figure 5a). DNA content analysis of 

RWPE-1 cells expressing HDGF by flow cytometry showed that the majority of the cells 

were in the G2/M phase (55%) of the cell cycle while only 28% of the control RWPE-1 cells 

were at G2/M phase. The percentage of RWPE- HDGF cells in G0/G1 phase were 

significantly lesser (12%) compared to control RWPE-1 cells (49%). These data imply that 

HDGF enforces transition of cells from G0/G1 to G2/M phase to promote mitotic activity in 

prostate cells.

3.3 HDGF expression activates pro-survival mediated pathways in RWPE-1 cells

We next sought to determine the molecular basis for the enhanced viability and proliferation 

seen with over-expression of HDGF in RWPE-1 cells. AKT activation has previously been 

shown to promote cell survival via decreasing the activity of pro-apoptotic proteins or 

increasing the activity of anti-apoptotic proteins [19; 20]. Previous studies have shown NF-

kB to promote a variety of processes including PCa cell growth, proliferation, angiogenesis 

and invasion [21; 22].

We, therefore, sought to determine if these two pathways were activated by HDGF over-

expression. As shown in Figure 5b, AKT (phosphorylated form) and NF-kB (p65 domain) 

were found to be activated in RWPE-1 cells expressing HDGF compared to control RWPE-1 

cells. Given the known importance of both the NF-kB and AKT pathways in promoting cell 

survival, we next assessed whether HDGF expression regulates apoptosis in RWPE-1 cells. 

As presented in Figure 5b, HDGF over-expression in RWPE-1 cells resulted in increased 
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activation of anti-apoptotic molecules Cyclin-E and BCL-2 and simultaneous decrease in the 

pro-apoptotic molecule Bax. Taken together, these results suggest that HDGF over-

expression may play a role in regulating survival-mediated pathways via activation of the 

AKT and NF-kB pathways in PCa development.

3.4 Effects of HDGF inhibition on HDGF over-expressed RWPE-1 cells

We next investigated the therapeutic potential of HDGF inhibition in HDGF over-expressing 

RWPE-1 cells. Previous studies have shown that vitamin K2 (VK2) suppressed the growth of 

hepatocellular carcinoma (HCC) cell lines by targeting the expression of HDGF in vitro 
[23]. In the above study, the authors showed that VK2 reduced the expression of HDGF in 

three different HCC-derived cell lines, HepG2, HuH-7, and SK-Hep-1. Monoclonal antibody 

against HDGF was also shown to target HDGF in lung cancer cells [24]. We, therefore, 

sought to determine the therapeutic relevance of VK2 as well as a monoclonal antibody to 

HDGF in RWPE cells over-expressing HDGF. Figure 6a shows the results of VK2 treatment. 

Compared to control untreated HDGF over-expressing RWPE-1 cells, treatment with VK2 

significantly reduced the growth of these cells in a dose-dependent manner. Figure 6b shows 

the results of monoclonal antibody treatment. Compared to untreated control cells, a 60% 

reduction in cell viability was noted with HDGF monoclonal antibody therapy in HDGF 

over-expressing RWPE-1 cells. Figure 6c shows the results of Western blot analysis of 

RWPE-HDGF following treatment with VK2 and mAb for 48h. Expression of HDGF, AKT 

(phosphorylated form) and NF-kB (p65 domain) were all substantially reduced with VK2 

treatment. On the other hand, HDGF monoclonal antibody treatment decreased the levels of 

HDGF and NF-kB without affecting pAKT. Although mAb downregulated the expression of 

HDGF, the underlying mechanism of differential effects of mAb on the signaling molecules 

are not known at this time and needs further investigation.

3.5 Effect of HDGF expression on cell migration and invasion in vitro

Cell migration is one of the first steps in cancer metastasis and invasion process. Tumor cells 

utilize several lytic enzymes, degrading the surrounding extracellular matrix, allowing them 

to migrate [25]. Both the AKT and NF-kB have been shown to be important mediators of 

PCa invasion [22; 26]. Given the effects of HDGF expression on the PI3K and NF-kB 

pathways, we sought to assess the impact of HDGF expression on cell migration and 

invasion in vitro. The results obtained in our study show that HDGF over-expression in 

RWPE-1 cells resulted in increased number of cells which migrated and invaded the 

Transwell filter (Figure 6d and 6e). This data suggests that in addition to the cell survival 

function, HDGF may also have a role in metastatic progression of PCa.

4. Discussion

Previous studies have shown HDGF to play an important role in the carcinogenesis of a 

variety of malignancies. The potential role of HDGF in the development of PCa, however, 

remains unknown. We, therefore, sought to study the carcinogenic potential of HDGF. In the 

present study, we show that HDGF may be a critical component in the development and 

progression of PCa. Enhanced proliferative capacity, activation of invasion and metastasis 

and evasion of apoptosis have all been shown to be hallmarks of cancer [27]. Our expression 
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analysis of HDGF by Western blot and Q-PCR analysis suggests that this molecule is 

endogenously overexpressed in multiple PCa cells compared to benign prostate cells. 

Furthermore, immunocytochemical analysis of HDGF in LNCaP cells suggests HDGF to be 

predominantly a nuclear protein. However whether HDGF is secreted from prostate cells and 

whether there is any specific receptor for HDGF in PCa cells are not known at this time. In 

this study, ectopic overexpression of HDGF resulted in enhanced cell proliferation, 

upregulation of anti-apoptotic proteins and invasion in the benign prostatic epithelial cell 

line, RWPE-1, while therapeutic targeting of HDGF resulted in reduced cell growth and 

viability in both androgen sensitive and androgen insensitive human prostate cancer cells. 

These results are in agreement with studies of HDGF in other cancers, including 

hepatocellular carcinoma, melanoma, lung cancer, pancreatic cancer and gastric cancer [7; 8; 

11; 18; 28]. HDGF has also been shown to be a key regulator of apoptosis. Tsang and 

colleagues showed that HDGF downregulation activates apoptosis via Bad-mediated 

mechanisms in hepatocellular carcinoma cells [29]. Targeted inhibition of HDGF has also 

been shown to reduce the invasive potential of other malignant cells. For example, Meng and 

colleagues showed that shRNA of HDGF suppressed the invasive capacity of non-small cell 

lung cancer cells [30]. Our results highlight the potential importance of HDGF in PCa 

development.

We also sought to understand the underlying molecular mechanisms of HDGF in the 

carcinogenesis of PCa. Our results show that HDGF overexpression activates AKT in benign 

prostate cells, while targeting HDGF expression by vitamin k2 results in inhibition of AKT. 

Overall, these results were consistent with the effects of HDGF expression on cell 

proliferation, apoptosis and invasion. Collectively, our data suggest that the therapeutic 

benefits of HDGF based inhibition is, at least in part, mediated by the concomitant inhibition 

of the AKT pathway.

Studies examining the mechanisms underlying the effects of HDGF on the AKT pathway are 

currently underway. We also show here that HDGF overexpression upregulates the 

expression of NF-kB, while HDGF inhibition down-regulates NF-kB expression, suggesting 

that HDGF regulates the expression of NF-kB. Previous studies have shown the NF-kB is 

critical in the progression of PCa to castration-resistance [31; 32]. Collectively, our results 

suggest that the role of HDGF in PCa is, at least in part, modulated by activation of both the 

NF-kB and AKT pathways.

While more preclinical studies need to be undertaken, HDGF may be a promising 

therapeutic target in both androgen sensitive and castration-resistant prostate cancer (CRPC). 

As shown in our study, the LNCaP and PC-3 cell lines were both equally sensitive to siRNA-

based HDGF targeting. Another potential strategy, given the sensitivity found in our work 

for androgen-dependent LNCaP cells to HDGF inhibition, would be to combine HDGF 

based targeted treatments with currently approved treatment approaches, such as androgen 

deprivation therapy. Preclinical studies examining these approaches are currently being 

studied.

In conclusion, HDGF appears to be an important protein in the pathogenesis of PCa. The 

results of our study suggest that HDGF plays an important role in cell growth, the regulation 
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of apoptosis and invasion of human prostate cancer cells and this appears to, at least in part, 

be mediated by the AKT and NF-kB pathways. We also show that HDGF may serve as a 

therapeutic target in PCa. Based upon these findings, further studies are clearly warranted to 

assess the underlying molecular mechanisms of HDGF in prostate carcinogenesis as well as 

the therapeutic potential of HDGF-based targeted treatments for PCa.
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Highlights

• Hepatoma-derived growth factor (HDGF) is overexpressed in both androgen 

dependent and androgen independent prostate cancer

• Forced over expression of HDGF promotes cell proliferation of benign 

prostate epithelial cells

• Gene silencing of HDGF reduced cell proliferation in human prostate cancer 

cells

• HDGF upregulates the expression of anti-apoptotic proteins cyclin E and 

BCL-2, while simultaneously down-regulating Bax expression

• Targeting HDGF by vitamin k2 and HDGF monoclonal antibody inhibited the 

cell proliferation of HDGF overexpressing prostate cells by inhibiting 

phospho-AKT and NF-kB expression

• Our results suggest that HDGF may play a vital role in prostate 

carcinogenesis and may serve as a therapeutic target in prostate cancer
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Figure 1. 
HDGF is over expressed in PCa cells. A). Western Blot results showed that HDGF is over 

expressed in several PCa cells but minimally expressed in RWPE-1 cells. Briefly, protein 

samples were resolved on 10% SDS-PAGE, transferred to NCP and probed with anti-HDGF 

antibody to detect HDGF expression. B. Semi-quantitative results of HDGF expression in 

PCa cells as determined by ImageJ analysis. These results suggest that HDGF is over 

expressed in multiple PCa cells. C. Real time PCR analysis of HDGF transcript levels. The 

cDNA prepared from RWPE-1, LNCaP, 22Rv1, PC-3 and DU145 cells were used as a 

template to quantitate the transcript levels using SYBR Green Q-PCR assay. HDGF 

transcript levels were normalized using β-actin transcript levels. Results indicate that 

increased HDGF transcript levels are present in PCa cell lines compared to benign RWPE-1 

cells. *p<0.001 and #p<0.01 compared to control RWPE-1 cells.
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Figure 2. 
Analysis of HDGF expression by confocal immunofluorescence microscopy. Briefly, 

LNCaP cells cultured in tissue culture slides were probed with mouse anti-HDGF mAb 

antibody. HDGF expression was detected using goat anti-mouse FITC and counterstained 

with DAPI. Confocal image analysis suggests that HDGF is predominantly localized in 

nucleus as shown in the merged images of DAPI and HDGF (FITC).
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Figure 3. 
Ectopic expression of HDGF in RWPE-1 cells promotes cell proliferation. Over expression 

of HDGF is confirmed in the transfected cells by Western blot and quantification by ImageJ 

analysis (A &B). (C) Mock transfected (pCtrl) and RWPE-1 cells transfected with HDGF 

were seeded in a 96 well plate and the viability of the cells were determined at different time 

points. Results show that the RWPE-1 HDGF cells proliferate at approximately 180% of the 

rate of control RWPE-1 after 72 hours. *p<0.01 compared to control transfected cells.

Shetty et al. Page 14

Urol Oncol. Author manuscript; available in PMC 2017 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4. 
Knock down of HDGF expression by siRNA transfection inhibits LNCaP and PC-3 cell 

proliferation. To determine the gene silencing effects of HDGF in PCa, LNCaP and PC-3 

cells were transfected with HDGF siRNA for 48h using Lipofectamine reagent. Following 

this, the viability of HDGF siRNA transfected cells were determined using CCK-8 cell 

viability assay. Control siRNA transfected cells served as controls. Data showed that HDGF 

siRNA significantly inhibited the cell proliferation of both LNCaP and PC-3 cells suggesting 

that HDGF is an important survival related molecule in PCa cells. *p<0.01 compared to 

respective control groups.
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Figure 5. 
Transfection of HDGF confers malignant characteristics to normal RWPE-1 cells. A) Cell 

cycle analysis results show that overexpression of HDGF in RPWE-1 cells results in the 

alteration of cell cycle profile. To assess the overexpression effect of HDGF on cell cycle 

progression of benign prostate cells, RWPE-1 was transfected with HDGF for 48h. Mock 

transfected cells were used as control. After 48h transfection, these cells were subjected to 

cell cycle analysis. Data show that majority of cells (55%) transfected with HDGF were in 

G2/M phase while only 28% of control RWPE-1 cells were in G2/M phase. No significant 

changes in S phase of RWPE-HDGF and control RWPE-1 were observed. On the other hand 

12% of RWPE-1 cells transfected with HDGF were in G0/G1 phase in comparison to G0/G1 

(49%) of control RWPE-1 cells. These data thus suggests HDGF promotes mitosis in 

transfected RWPE-1 cells. B) RWPE-1 cells transfected with HDGF for 48h was utilized to 

determine the modulatory effects of HDGF expression on pro-survival signaling molecules. 

Western blot results show that HDGF expression activates AKT and NF-kB resulting in the 

up regulation of proliferation associated molecules (Cyclin E and BCL-2) and down 

regulation of pro-apoptotic molecule, Bax suggesting HDGF is critical for the survival of 

prostate cells.
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Figure 6. 
HDGF inhibitors decrease the proliferation of RWPE-1 cells transformed with HDGF. 

RWPE-1 cells expressing HDGF (RWPE-HDGF) were seeded in 96 well plates. At 50% 

confluency, cells were treated with either Vitamin K2 (50–100 μM) or a monoclonal 

antibody specific to HDGF (10 μg/ml) for 48h. Untreated cells served as a control. At the 

end of treatment, the viability of the cells was determined by cell viability assay as described 

in materials and methods. Results show that both Vitamin K2 and the monoclonal antibody 

to HDGF significantly decreased the proliferation of RWPE-HDGF cells. *p<0.05 compared 

to control groups. Down regulation of HDGF expression in RWPE-HDGF cells by vitamin 

k2 and mAb results in the inhibition of NFκB (p65). RWPE-HDGF cells treated with 

Vitamin K2 or mAb for 48h were subjected to Western blot analysis. Results presented in C 

and D show that both Vitamin K2 and mAb treatment inhibited the expression of HDGF 

leading to down regulation of its target molecule NFκB (p65) in the RWPE-HDGF cells. 

Notably downregulation of pAKT was observed with vitamin k2 treatment but not with mAb 

treatment. HDGF expression increases migration and invasion of RWPE-1 cells. E) To 

determine the overexpression effects of HDGF on migration and invasion of RWPE-1, cells 

were transfected with HDGF plasmid for 48h and subjected to in vitro migration and 

invasion assays. Briefly, RWPE-1 cells overexpressing HDGF (RWPE-HDGF) were seeded 

on Transwell chambers for 24h and studied for its ability to migrate. F) RWPE-HDGF cells 

were also seeded on Transwell chambers coated with matrigel for 24h to monitor their 

invasion potential. Results show that HDGF expression conferred the migration and invasion 

properties to normal RWPE-1 cells.
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