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Abstract: Prostate cancer (PCa) is the most frequently diagnosed cancer in men and second
most common cause of cancer-related deaths in the United States. Androgen deprivation therapy
(ADT) is only temporarily effective for advanced-stage PCa, as the disease inevitably progresses to
castration-resistant prostate cancer (CRPC). The protein nucleolin (NCL) is overexpressed in several
types of human tumors where it is also mislocalized to the cell surface. We previously reported the
identification of a single-chain fragment variable (scFv) immuno-agent that is able to bind NCL on
the surface of breast cancer cells and inhibit proliferation both in vitro and in vivo. In the present
study, we evaluated whether NCL could be a valid therapeutic target for PCa, utilizing DU145,
PC3 (CRPC), and LNCaP (androgen-sensitive) cell lines. First, we interrogated the publicly available
databases and noted that higher NCL mRNA levels are associated with higher Gleason Scores as
well as with recurrent and metastatic tumors. Then, using our anti-NCL scFv, we demonstrated
that NCL is expressed on the surface of all three tested cell lines and that NCL inhibition results in
reduced proliferation and migration. We also measured the inhibitory effect of NCL targeting on the
biogenesis of oncogenic microRNAs such as miR-21, -221 and -222, which was cell context dependent.
Taken together, our data provide evidence that NCL targeting inhibits the key hallmarks of malignancy
in PCa cells and may provide a novel therapeutic option for patients with advanced-stage PCa.
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1. Introduction

Prostate cancer (PCa) is the most prevalent type of cancer among men in the United States and
accounts for roughly 10% of cancer-specific mortality [1]. While the majority of PCa cases are confined
to the prostate, patients with metastatic disease at diagnosis display a 5-year survival rate of only
30% [1]. Although advanced stage PCa is initially treated effectively with androgen deprivation therapy
(ADT), progression to castration-resistant prostate cancer (CRPC) usually develops about 1 year after
initiation of ADT [2]. Based on recent data, CRPC is becoming increasingly prevalent, with an average
of 2–4% of PCa cases progressing to CRPC each year [3].

To achieve a CRPC phenotype, PCa cells evade ADT by acquiring aberrations in the androgen
receptor (AR) pathway [4,5]. Overall, more than 70% of metastatic CRPC cases exhibit at least one AR
pathway aberration [6], with over 50% of these tumors harboring a mutated or amplified AR gene [7].

Recent therapeutic approaches combating mechanisms of castration resistance have produced
only modest survival benefits [4], and patients typically succumb to their disease within 9–30 months
after progression to CRPC [3]. Conventional therapies for PCa are still associated with significant
side effects [8], and trials for targeted therapies have been largely ineffective [9]. Thus, there remains
a substantial unmet need for more effective therapies.

MicroRNAs (miRNAs or miRs) are deregulated in most types of cancer [10,11], and are emerging
for their utility as potential biomarkers [12–15]. However, targeting miRNAs in applications for cancer
therapy has proven more challenging, especially due to the lack of cancer cell-specific targeting and
drug delivery [16,17].

A protein involved in miRNA regulation, nucleolin (NCL), is expressed predominantly in
the nucleolus in normal cells [18] and is known to participate in a multitude of different cellular
processes [19–21]. In cancer cells, NCL becomes aberrantly overexpressed [22,23], translocated to the
cell membrane [24,25], and participates in several cancer-driving activities [26–31] including biogenesis
of oncogenic miRNAs such as miR-21, -103, -221, and -222 [32]. NCL has been shown to exhibit
similar cellular behavior in PCa, and exhibits greater surface expression in CRPC cell lines than in
hormone-naïve models [33].

Although NCL-dependent miRNA regulatory activity is not limited to miR- 21, -221,
and -222, these molecules have been profiled extensively in the literature for their role in most
neoplasms, including PCa. miR-21 is overexpressed in the majority of solid tumors and it is
addictive to cancer cells, leading to withdrawal-induced tumor regression [34]. There is mounting
evidence for miR-21 implication in the pathogenesis and progression of chemo-resistant [14,35,36],
castration-resistant [37,38], and clinically aggressive PCa [15,39,40].

Also regulated by NCL, miR-221/222 promote prostate cancer cell proliferation [41,42], and confer
resistance to apoptosis [43]. Additionally, miR-221/222 are involved in AR functional integrity [44] and
signaling pathway [45], thus have been implicated in the progression to CRPC [46–48]. Taken together,
these data provide a compelling case for the use of miR-221/222 inhibitors in concert with miR-21
inhibitors for both hormone-naïve and CRPC therapy.

Given the association of NCL-dependent miRNAs with cancer, and that NCL expression increases
in malignant cells where it is aberrantly expressed on the cell surface, we developed a therapeutic
anticancer agent to bind NCL and block its miRNA biogenesis activity. This agent, named 4LB5,
is a ~27 kDa single chain Fragment-variable (scFv) antibody that binds to the RNA-binding domain of
NCL on the cell surface. 4LB5 becomes efficiently internalized, disrupts the biogenesis of miRs -21,
-103, -221, and -222, induces apoptosis, decreases proliferation, and reduces tumor burden in vivo in
breast cancer models [49].

In this study, we aim to expand the use of the scFv 4LB5 to both hormone-sensitive and CRPC cell
lines, with a secondary aim to study its effects on AR expression. We show that 4LB5 is able to bind
NCL on the surface of PCa cell lines and exert its intracellular effects on miRNA expression levels.
Additionally, we provide evidence that 4LB5 can halt prostate cancer cell proliferation and migration
and influence the CRPC cell phenotype at nanomolar concentrations.
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2. Results

2.1. NCL is Upregulated in Aggressive Forms of PCa

We began our study by querying three publicly available gene expression databases containing PCa
sets with different stages of diseased and normal tissue. We observed a statistically significant positive
linear correlation between Gleason Score (GS) and whole-cell NCL expression (Pearson: r = 0.134,
p = 0.003; Spearman: rs = 0.127, p = 0.005). Additionally, we found a statistically significant difference
in NCL expression levels in GS = 6–7 tumors compared with GS = 8–10 tumors (p = 0.0039, Figure 1A).
Further investigation also revealed significantly elevated NCL levels in recurrent disease compared to
primary (p = 0.0031, Figure 1B) and metastatic disease compared to primary tumors and normal tissue
(p = 2.6 × 10−9 and p = 2.3 × 10−13, Figure 1C). This analysis revealed that the NCL transcript
is overexpressed in clinically advanced tumors, in agreement with previous reports [33,50,51].
No significant correlation between NCL levels and Overall Survival (OS) was identified in our
bioinformatics analysis with additional data.
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Figure 1. NCL is Upregulated in Aggressive Forms of PCa Violin plots displaying nucleolin (NCL)
mRNA expression levels in patient tumor samples stratified by clinical characteristics from (A) TCGA
provisional database, queried through cBioPortal (Gleason 6–7 n = 291; Gleason 8–10 n = 206; Pearson:
r = 0.134; Spearman: rs = 0.127), and (B) Sun et al. (non-recurrent n = 39; biochemical recurrence n = 38),
(C) Yu et al., and Chandran et al. queried through NCBI GEO (normal tissue n = 81; localized prostate
cancer (PCa) n = 65; metastatic PCa n = 25 sample locations from four patients). A Student’s t-test was
used for group analyses. ** p < 0.01, **** p < 0.0001.

2.2. 4LB5 Binds to PCa Cells and Inhibits Cell Proliferation

Next, we selected three cell lines commonly used as in vitro models of advanced stage PCa and
measured whole-cell NCL by Western blot. All lines showed a robust expression of NCL protein
ranging from about 80–95% of the amount found in MDA-MB-231 cells used as a reference (Figure 2A).
To assess NCL cell surface expression in DU145, PC3, and LNCaP, we then performed a cell surface
ELISA using 4LB5 as the primary antibody. As seen in Figure 2B, significant binding of cell surfaces
was already observed starting at 4LB5 concentrations approaching 62.5 nM. Notably, we found that
LNCaP cells required higher concentrations of 4LB5 than PC3 and DU145 to show detectable binding.
Similar binding curves were observed using MDA-MB-231 as positive control.
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Figure 2. 4LB5 Binds to PCa Cells and Inhibits Cell Proliferation (A) Basal expression levels of
whole-cell NCL protein was measured in LNCaP, PC3, and DU145 PCa cell lines and compared to
MDA-MB-231 expression levels via Western blot. Uncropped blots of Figure 2A are shown in Figure S4.
(B) 4LB5 binding cell surfaces was assessed by an ELISA performed after incubating cells with serial
dilutions of 4LB5. ELISA data shown are representative of two independent experiments performed
in quadruplicate. (C) Relative cell counts of DU145, PC3, and LNCaP cells treated with 50 nM 4LB5
or control solution for 48 h. Cell survival data are the average of five biological replicates. (D) MTS
assay performed after 72 h-treatment with increasing concentrations of 4LB5. MTS data are average of
two assays performed in biological triplicate. (E) Light microscopy images of PCa cells taken at 48 h
post-treatment with 50 nM 4LB5 or control solution. * p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001.

Next, we sought to determine whether 4LB5 inhibited the cell proliferation of PCa cells, as exhibited
in other cancer cell types [49]. We exposed PCa cells to 50 nM 4LB5 or control solution. Cell counts of all
three lines at 48 h after treatment were decreased by 30–60% compared to controls (Figure 2C). We also
performed MTS assays with serial dilutions of 4LB5. A significant decrease in cell metabolic activity
was seen at concentrations as small as 3.125 nM for DU145 and LNCaP cells (Figure 2D), with calculated
IC50 values of 46.0 and 66.7 nM, respectively (Figure S1). This inhibitory effect was also evident upon
microscopic examination of all tested cell lines treated with 4LB5 for 48 h (Figure 2E), 72 h, and 96 h
(Figure S1B), though PC3 cells displayed a more 4LB5-resistant phenotype. Altogether, these data
indicate that 4LB5 is effective in inhibiting PCa cell proliferation at nanomolar concentrations.

2.3. Treatment with 4LB5 Reduces Mature Forms of Oncogenic MicroRNAs and Initiates Apoptosis

We have previously shown that 4LB5 gets internalized into breast cancer cells causing reduction
in miR-21, miR-103, miR-221, and miR-222 and initiating apoptosis [49]. To test this we treated PCa
lines with 50 nM 4LB5 and measured the effects on mature miRNA levels and markers of apoptosis.
As seen in Figure 3A, 4LB5 treatment resulted in >50% statistically significant reduction in all tested
miRNAs in DU145 cells. A similar but less-pronounced effect was observed in PC3 cells. In LNCaP
cells this effect was not seen with any of the tested miRNAs (Figure 3A). Upon 4LB5 treatment, primary
forms of miR-21, -221 and -222 (pri-miR-21, pri-miR-221 and pri-miR-222) accumulated in DU145 cells,
further supporting that NCL inhibition prevents microRNA biogenesis (Figure S2B). Mild or no effects
were observed in PC3 and LNCaP cell lines, which indicates that 4LB5 does not affect miRNA levels
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at the transcriptional level. The only exception in this regard is pri-miR-222 in PC3 cells. However,
since pri-miR-221 and -222 are transcribed as the same long primary transcript, it is possible that this
observation is related to technical differences in the probes used to evaluate these pri-miRNAs.

Cancers 2020, 12, x 5 of 15 

 

it is possible that this observation is related to technical differences in the probes used to evaluate 
these pri-miRNAs. 

Next, we evaluated apoptosis by treating PCa cells for 48 h and 72 h with 50 nM 4LB5 and 
performing a Caspase 3/7 activation assay. A statistically significant increase in caspase activity was 
observed in DU145 cells at 48 h (p = 9.9 × 10−5, Figure 3B). Both DU145 and LNCaP samples achieved 
a statistically significant caspase activity at 72 h post-treatment (p = 6.8 × 10−5, p = 0.013). However, 
PC3 exhibited only a modest increase in caspase activity when treated with 25 nM 4LB5 and showed 
an opposite effect when treated with 50 nM 4LB5 (Figure 3B). Consistent with the caspase assay, 
treatment with 50 nM 4LB5 resulted in PARP (Poly-(ADP-ribose) polymerase) cleavage in DU145 and 
LNCaP treated cells at 48 h and 72 h, but not in PC3 (Figure 3C).  

Taken together, these results show that 4LB5 can successfully inhibit the microRNA biogenesis 
function of NCL and induce apoptosis in a cell line-dependent context. 

 
Figure 3. Treatment with 4LB5 Reduces Mature Forms of Oncogenic MicroRNAs and alters cell 
survival (A) microRNA expression levels were assessed via qRT-PCR in DU145, PC3, and LNCaP 
cells after 48 h treatment with 50 nM 4LB5 or control solution. qRT-PCR data are the average of three 
independent experiments performed in at least technical duplicate. (B) Caspase 3/7 activity was 
assessed after 48 and 72 h of 4LB5 treatment. Caspase assay was performed in biological triplicate for 
each time point and averaged. (C) PARP cleavage was assessed by Western blot after PCa cell 
treatment with 4LB5 or control solution for 48 and 72 h. PARP Western blots are representative of at 
least two independent experiments. Student’s t-test (2-tailed, homoscedastic) was utilized for 
statistical analysis. Uncropped blots of Figure 3C are shown in Figure S4. *p < 0.05, **p < 0.01, ***p < 
0.001, ****p < 0.0001. 

2.4. 4LB5 Impairs PCa Cell Migration 

Since the NCL-dependent microRNAs are involved in epithelial to mesenchymal transition 
(EMT) phenotype in PCa [14,38,39,43–45,47,52–55], we tested the effects of 4LB5 treatment on cell 
migration. We did not include LNCaP cells in these experiments due to their weak adherence to 
culture vessels and tendency to dissociate spontaneously [56]. We pretreated DU145 and PC3 cells 
with 4LB5 or control solution before performing wound healing assay and measuring percent area 
migration after 24 h. As seen in both cell lines in Figure 4A, migration fronts advanced visibly less 
after 24 h in the 4LB5-treated condition compared with the control. The average percent area 

Figure 3. Treatment with 4LB5 Reduces Mature Forms of Oncogenic MicroRNAs and alters cell survival
(A) microRNA expression levels were assessed via qRT-PCR in DU145, PC3, and LNCaP cells after 48 h
treatment with 50 nM 4LB5 or control solution. qRT-PCR data are the average of three independent
experiments performed in at least technical duplicate. (B) Caspase 3/7 activity was assessed after 48
and 72 h of 4LB5 treatment. Caspase assay was performed in biological triplicate for each time point
and averaged. (C) PARP cleavage was assessed by Western blot after PCa cell treatment with 4LB5 or
control solution for 48 and 72 h. PARP Western blots are representative of at least two independent
experiments. Student’s t-test (2-tailed, homoscedastic) was utilized for statistical analysis. Uncropped
blots of Figure 3C are shown in Figure S4. * p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001.

Next, we evaluated apoptosis by treating PCa cells for 48 h and 72 h with 50 nM 4LB5 and
performing a Caspase 3/7 activation assay. A statistically significant increase in caspase activity was
observed in DU145 cells at 48 h (p = 9.9 × 10−5, Figure 3B). Both DU145 and LNCaP samples achieved
a statistically significant caspase activity at 72 h post-treatment (p = 6.8 × 10−5, p = 0.013). However,
PC3 exhibited only a modest increase in caspase activity when treated with 25 nM 4LB5 and showed
an opposite effect when treated with 50 nM 4LB5 (Figure 3B). Consistent with the caspase assay,
treatment with 50 nM 4LB5 resulted in PARP (Poly-(ADP-ribose) polymerase) cleavage in DU145 and
LNCaP treated cells at 48 h and 72 h, but not in PC3 (Figure 3C).

Taken together, these results show that 4LB5 can successfully inhibit the microRNA biogenesis
function of NCL and induce apoptosis in a cell line-dependent context.

2.4. 4LB5 Impairs PCa Cell Migration

Since the NCL-dependent microRNAs are involved in epithelial to mesenchymal transition
(EMT) phenotype in PCa [14,38,39,43–45,47,52–55], we tested the effects of 4LB5 treatment on cell
migration. We did not include LNCaP cells in these experiments due to their weak adherence to
culture vessels and tendency to dissociate spontaneously [56]. We pretreated DU145 and PC3 cells
with 4LB5 or control solution before performing wound healing assay and measuring percent area
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migration after 24 h. As seen in both cell lines in Figure 4A, migration fronts advanced visibly less after
24 h in the 4LB5-treated condition compared with the control. The average percent area migration of
control- and 4LB5-treated cells was 59% and 25% for PC3 (p = 2.8 × 10−6), and 62% and 37% for DU145
(p = 1.0 × 10−4), respectively (Figure 4C). Similarly, trans-well migration assays were performed on cells
pretreated with 4LB5 or control solution. After 12 h incubation, images were acquired (Figure 4B) and
processed with ImageJ software, and percent area of each trans-well membrane covered by migrated
cells was calculated (Figure 4C). 4LB5-treated DU145 cells migrated 36% less than control treated
cells (p = 8.1 × 10−4), and 4LB5-treated PC3 cells migrated 61% less than their control counterparts
(p = 1.1× 10−4). In summary, Figure 4 illustrates that 4LB5 impairs migration in aggressive PCa cell lines.
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Figure 4. 4LB5 Impairs PCa Cell Migration (A) Wound healing assays performed with DU145 and
PC3 cells after 48h of pretreatment with 50 nM 4LB5 or control solution. Representative photos were
taken at t = 0h and t = 24h. (B) Trans-well migration experiments performed with DU145 and PC3
cells after 24h pretreatment with 100 nM 4LB5 or control solution and 12h migration time. Migrated
cells were stained with crystal violet and photographed with phase contrast microscopy. (C) Images
of control- and 4LB5-treated migrated cells for experiments shown in A and B were processed and
analyzed with ImageJ software in parallel. Quantification of images from five independent wound
healing experiments performed in technical triplicate is reported. Trans-well migration data represents
average of two independent experiments performed in biological triplicate and was generated by
calculating percent area of migrated cells. ** p < 0.01, *** p < 0.001, **** p < 0.0001.

2.5. 4LB5 Reduces AR Expression in Hormone-Sensitive LNCaP Cells

Our findings indicate that 4LB5 inhibits LNCaP proliferation seemingly independently of
NCL-specific miRNAs. Knowing that NCL is a multifunctional protein, and that previous groups
demonstrated therapeutic efficacy of NCL-binding molecules independently of miRNAs [51,57–59],
we hypothesized that 4LB5 could confer an inhibitory effect on AR expression. After verifying AR
expression in LNCaP cells (Figure 5A), we treated them with serial dilutions of 4LB5 and quantified
levels of AR post-treatment. We observed a statistically significant negative linear correlation between
4LB5 dose and AR expression (Pearson: r = −0.621, p = 0.006, Spearman: rs = −0.650, p = 0.003),
with a 51% reduction in AR expression in cells treated at the highest dose compared with controls
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(Figure 5B). These data demonstrate that 4LB5 decreases AR protein levels in AR-positive prostate
cancer cells.Cancers 2020, 12, x 7 of 15 
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3. Discussion

Despite mounting evidence that NCL is a valid therapeutic target in different types of aggressive
cancer [29,32,57,59,60], the data for PCa are lacking. In the present study we aimed to demonstrate
that targeting surface NCL by the scFv 4LB5 is an effective way to inhibit multiple neoplastic features
of PCa cells.

First, we took advantage of publicly available databases to perform an analysis of human PCa
tumors and validate the expression levels of NCL. Overall we found a statistically significant positive
association between NCL transcript levels and clinically aggressive tumors. As expected, this difference
was more pronounced in metastatic prostate cancer tissue compared to primary disease or normal
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tissue (Figure 1C). Admittedly, we are unable to draw conclusions about whole cell protein or surface
protein levels with this approach.

Using ELISA, we then show that 4LB5 efficiently binds PCa cell surface NCL in vitro, consistent
with the previous literature [33,50,51,61]. We selected three different cell lines to reasonably represent
the cellular heterogeneity typical of advanced disease [4,6,7,9] and unsurprisingly observed different
degrees of antineoplastic effects upon treatment with 4LB5. We observed that androgen-dependent
LNCaP cells show the least avid binding to NCL (Figure 2B), aligning with previous studies reporting
higher surface NCL expression in CRPC phenotypes [33]. Furthermore, the LNCaP cell line often
clumps at high densities and fails to form a cell monolayer [56] likely preventing complete exposure of
the cell surface to antibodies.

4LB5 reduced PCa cell survival, proliferation and migration, and induced apoptosis, which is
consistent with our previous work [49]. Of note, since the amount of detected PARP cleavage was
limited, it is possible that the observed phenotypes are due to a combination of multiple factors, such as
inhibition of cell proliferation and concurrent activation of alternative cell death pathways. However,
although 4LB5 had a statistically significant inhibitory effect on the proliferation of all cell lines,
PC3 cells exhibited the greatest resistance in these experiments (Figure 2, Figure S1). While 4LB5 bound
avidly to PC3 cells, downregulation of NCL-dependent microRNAs was variable, caspase activation
was similar to controls, and PARP cleavage was not observed. The reduced apoptotic response can be
expected in PC3 cells because they are p53-negative [62]. However, the lack of p53 would not explain
the absence of miRNA downregulation after NCL inhibition. Therefore, it is conceivable that PC3
cells have additional intrinsic resistance due to mechanisms involving the molecular steps between
4LB5 binding to NCL on the cell surface and the microRNA biogenesis. Notably, PC3 cell proliferation
and migration were significantly impaired by 4LB5 treatment, indicating that this resistance does not
encompass all phenotypic effects.

Regarding apoptosis, DU145 cells exhibited the strongest response to 4LB5 followed by LNCaP,
and finally PC3. Interestingly, LNCaP cells appeared to activate apoptosis independently of miRNA
inhibition. Although this study investigated only apoptosis, it is likely that NCL inhibition portends
other mechanisms of cell death [58,59,63] given NCL’s multiple roles in cancer [23].

We have previously shown that 4LB5 can suppress NCL-dependent miRNA biogenesis in breast
cancer cells [49]. In this study, we report a similar effect in DU145 cells. NCL-dependent miRNA levels
in PC3 cells were too variable to attain statistical significance (Figure 3A). One possible contributing
factor is substantial post-treatment cell death. In LNCaP cell lines, we believe that we didn’t observe
a measurable effect by qRT-PCR in part because basal miRNA expression is extremely low (Figure S2).
Notably, NCL belongs to a class of RNA-binding proteins (RBPs) able to modulate the biogenesis of
a specific microRNA subset [32]. It is tempting to speculate that multiple factors affect the ability of
NCL to recognize RNA, including their tridimensional structure or the presence of co-factors or other
RBPs which could cooperate with NCL biological functions. Our work here further supports the idea
that NCL-selective mechanisms of action in RNA biology require extensive further studies.

4LB5 has the unique ability to specifically recognize the NCL RNA-binding site and interfere with
miRNA biogenesis, but it also inhibits the general oncogenic functions of NCL. In this regard, we were
intrigued that 4LB5 can suppress proliferation of the androgen responsive LNCaP cells independently
of NCL-dependent miRNAs. This led us to hypothesize that other mechanisms, possibly related to the
AR expression and signaling pathway, could be responsible for the anti-proliferative effect of 4LB5 in
this setting. In line with our hypothesis, we found that 4LB5 concentration inversely correlated with
AR protein expression (Figure 5). Therefore, we can reasonably conclude that the inhibition of NCL
would be beneficial both in androgen-dependent and androgen-independent cells by virtue of at least
two independent mechanisms. In androgen-dependent PCa cells, we can speculate that NCL inhibition
by 4LB5 reduces AR expression and, in turn, induces cell death. However, in AR-negative CRPC lines
such as DU145 that overexpress NCL-dependent miRNAs, suppression of these miRNAs by NCL
inhibition seems sufficient to induce apoptosis, which is a previously established mechanism [34].
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4LB5 assertion of its antineoplastic effects via multiple mechanisms is another motivating factor
that warrants further development of this scFv antibody. 4LB5 would offer new potential clinical
options in the CRPC setting, for which new therapies are still needed. Future studies should focus on
pharmacokinetic and pharmacodynamic testing in in vivo PCa models.

Additional research should also include the investigation of the mechanism by which 4LB5
downregulates AR. Previous studies have suggested a link between miR-21 and AR [37,38],
though miR-21 was not affected in our experiments upon treatment with 4LB5 in LNCaP cells,
suggesting still an additional mechanism at play.

Lastly, given its recombinant nature and inherent versatility [64], 4LB5 can be conjugated to other
molecules or protein domains to boost its clinical efficacy (e.g., adding immunoreactive Fc domain or
active RNAse enzyme [65]). In fact, scFv antibodies are currently being investigated in PCa to target
cell surface molecules such as PSMA for diagnostic purposes [66,67]. The ability to bind a surface
protein highly expressed in PCa makes 4LB5 a powerful potential theranostic tool.

In summary, here we show that NCL might play a role in human prostate tumorigenesis through
cell-type specific mechanisms that involve both previously identified and novel NCL-dependent
microRNAs. Most importantly, we provide evidence in support of innovative therapeutic strategies
for the treatment of PCa based on the use of anti-NCL immuno-agents, which can simultaneously
accomplish the inhibition of the AR pathway. Hence, our results pave the way for further studies that
will be required both for the validation of anti-NCL targeting strategies specific to neoplastic prostate
cells and for the dissection of the mechanisms linking NCL to the AR pathway.

4. Materials and Methods

4.1. Cell Culture and Media

LNCaP (androgen-dependent), DU145 and PC3 (androgen-independent), and MDA-MB-231
(breast cancer positive control) cells were cultured in RPMI media containing 10% Fetal Bovine Serum
and 1% penicillin/streptomycin in a humidified atmosphere at 5% CO2 and 37 ◦C [62].

4.2. 4LB5 Production, Purification, and Treatments

4LB5 scFv was expressed, extracted, purified, and tested for quality as a recombinant protein by the
Proteomics Shared Resource at the Ohio State University, as previously described [49]. Control (vehicle)
solution was prepared with all components of 4LB5 solution minus the scFv protein. For experiments
involving treatment with 4LB5, an appropriate concentration was chosen to balance accomplishing
the goals of the experiment and preventing excessive cell death due to 4LB5′s cytotoxic effects.
4LB5 (or an equivalent volume of control buffer) was added to cell media in a volume sufficient to
produce the final desired concentrations.

4.3. Cell Surface ELISA

To determine the ability of 4LB5 to bind PCa cell surfaces, ELISA was performed as previously
described [49]. Briefly, 5× 104 cells/well were cultured for 24 h in a 96-well plate. Serial dilutions of 4LB5
were incubated with cells for 2 h at room temperature. Cells were washed with PBS and incubated with
horseradish peroxidase (HRP)-conjugated antipenta-His antibody (Qiagen, Germantown, MD, USA;
1:10,000 dilution per manufacturer’s instructions) for 1h at room temperature. Following additional
washes, TMB reagent (Sigma, St. Luis, MO, USA) was added for 10 min before quenching with 1M
HCl. Absorbance was read at 450 nm.

4.4. Cell Viability and Proliferation Assays

To evaluate the effect of 4LB5 on PCa cell viability, cells were cultured in 12-well plates for 24 h
and treated with media containing 50 nM 4LB5 or control solution for additional 48 h. Surviving cells
were counted using a hematocytometer.
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To test the effects of 4LB5 on PCa cell proliferation, cells were cultured in a 96-well plate for
24 h and then treated with serial dilutions of 4LB5 (0–200 nM). After 48 h or 72 h, treatment media
was replaced with media containing MTS (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-
2-(4-sulfophenyl)-2H-tetrazolium)) working solution and cells were incubated for 4 h at culture
conditions. Absorbance was then read at 490 nm using a multi-well spectrophotometer (Molecular
Devices, San Jose, CA, USA), with means plotted at each concentration, and utilized to construct
a dose–response curve. IC50 values were calculated utilizing a 4-parameter logistic regression model
with GraphPad Prism 8 (Figure S1A). IC50 was unable to be accurately calculated for PC3 due to
inadequate number of data points at the lower plateau of the sigmoidal curve [68].

4.5. Western Blotting

For immunoblotting, cells were harvested and lysed in the presence of protease and phosphatase
inhibitors as previously described [49]. Proteins were quantified using Bradford assay, diluted,
and loaded with 5X Laemmli buffer into a 4–20% TGX gel. After electrophoretic separation, proteins
were transferred to a nitrocellulose membrane. The membrane was stained with Ponceau S solution for
equal loading control, an image was captured, and the membrane de-stained with TTBS. Membrane
was blocked in 5% non-fat dry milk or 5% BSA in TTBS, and incubated with 1:1000–1:5000 dilution of
Vinculin (Abcam, Cambridge, MA, USA), GAPDH-HRP, AR, NCL, or PARP (Cell Signaling, Danvers,
MA, USA) antibodies overnight. Secondary antibody was added (if necessary) at 1:2500 dilution and
membranes were visualized using HRP and a Li-Cor imaging system. Bands were quantified using
Image Studio software (Li-Cor Biosciences, Lincoln, NE, USA) and normalized against housekeeping
genes. Upon acquisition, images were exported as JPEG files before being assembled for figure
preparation. Un-cropped original JPEG-exported images are reported in the Supplementary Material.

4.6. Quantitative Real-Time PCR

To assess microRNA and gene mRNA expression levels, the TaqMan Fast-PCR kit
(Applied Biosystems, Foster City, CA, USA) was utilized according to the manufacturer’s instructions,
followed by detection with the 7900HT Sequence Detection System (Applied Biosystems). All reactions
were performed in technical triplicate. Simultaneous quantification of RNU6 and GAPDH was used
as reference for miRNA and gene quantification, respectively. The comparative cycle threshold (Ct)
method for relative quantification of gene and miRNA expression (User Bulletin #2; Applied Biosystems)
was employed.

4.7. Caspase Activity Assay

To examine 4LB5 ability to induce apoptosis we utilized the Promega Caspase-Glo® 3/7 Assay.
Cells were cultured in a 96-well plate for 24 h and treated with media containing increasing
concentrations of 4LB5. After 48 h or 72 h, caspase activity was assessed according to manufacturer’s
instructions (Technical Bulletin #TB323; Promega, Madison WI, USA).

4.8. Trans-Well Migration and Wound Healing Assay

For trans-well migration, cells were grown to subconfluency, serum-starved and pretreated with
100 nM 4LB5 or control solution for 24h. Then, 1 × 105 cells were seeded in 8-µm pore trans-well
chambers (Greiner Bio-One, Monroe, NC, USA) in 24-well plates in serum-free medium plus 100 nM
4LB5 or control solution. Complete medium with 10% FBS was added to the bottom chamber and
cells were incubated for 12 h. Trans-wells were then fixed and stained with crystal violet solution,
and non-migrated cells removed. Images of the migrated cells were captured and color thresholded
to obtain a binary image displaying cellular content as saturated black areas on a white background.
Thresholded images were masked with ImageJ software to exclude non-cellular particles from the final
area calculation as described previously [69].
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For wound healing assays, 100% confluent cells on 12-well plates were pretreated with 50 nM
4LB5 or control solution for 48 h. Scratches were made with a sterile 200uL pipette tip. At least 4
photographs per condition were obtained immediately after scratching (t = 0) and again at t = 24 h.
Area not covered by the migrated cell front was calculated at each time point.

4.9. Bioinformatics Analysis

To assess the relationship between NCL levels and tumor clinical characteristics, the TCGA dataset
(TCGA Research Network: http://cancergenome.nih.gov/) was queried through cBioPortal; Sun et al.,
Yu et al., and Chandran et al. datasets were queried through NCBI GEO [70–72]. mRNA expression
data corresponding to tumor clinical and pathological characteristics were downloaded through the
respective platform and analyzed as indicated.

4.10. Statistical Analysis

A Student’s t-test (1-tailed, homoscedastic) was used (unless otherwise specified) to determine
levels of significance between means in each experiment using a cutoff for statistical significance
of p < 0.05. For qRT-PCR analysis, outliers with absolute or relative values +/− 2SD of the mean
were excluded. Pearson and Spearman correlation coefficients were calculated (SPSS) to determine
the relation of different variables in Figures 1A and 5C, and nonlinear regression analysis (Prism 8,
GraphPad Software, San Diego, CA, USA) in Figure S1A. Error bars in all figures represent +/−1 SE of
the mean.

5. Conclusions

In this study, we provide evidence to support the use of 4LB5 to inhibit NCL and induce therapeutic
responses in PCa cells. We also shed light on the previously unknown antiandrogenic activity of
this molecule. These results support 4LB5 as a novel option for the treatment of PCa in its multiple
clinical manifestations.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6694/12/7/1861/s1,
Figure S1: Effects of 4LB5 on cancer cell proliferation; Figure S2: Effects of 4LB5 on microRNA biogenesis; Figure S3:
Additional normalization of analysis performed in Figure 5; Figure S4: Uncropped Western Blot Figures.
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36. Kopczyńska, E. Role of microRNAs in the resistance of prostate cancer to docetaxel and paclitaxel.
Wspolczesna Onkol. 2015, 19, 423–427. [CrossRef]

37. Ribas, J.; Ni, X.; Haffner, M.; Wentzel, E.A.; Salmasi, A.H.; Chowdhury, W.H.; Kudrolli, T.A.;
Yegnasubramanian, S.; Luo, J.; Rodriguez, R.; et al. miR-21: An androgen receptor-regulated microRNA
that promotes hormone-dependent and hormone-independent prostate cancer growth. Cancer Res. 2009, 69,
7165–7169. [CrossRef]

38. Mishra, S.; Deng, J.J.; Gowda, P.S.; Rao, M.K.; Lin, C.-L.; Chen, C.L.; Huang, T.; Sun, L.-Z. Androgen Receptor
and MicroRNA-21 axis down-regulates transforming growth factor beta receptor II (TGFBR2) expression in
Prostate Cancer. Oncogene 2014, 33, 4097–4106. [CrossRef]

39. Leite, K.R.M.; Reis, S.T.; Viana, N.; Morais, D.R.; Moura, C.M.; Silva, I.A.; Pontes, J., Jr.; Katz, B.; Srougi, M.
Controlling RECK miR21 promotes tumor cell invasion and is related to biochemical recurrence in prostate
cancer. J. Cancer 2015, 6, 292–301. [CrossRef]

40. Guan, Y.; Wu, Y.; Liu, Y.; Ni, J.; Nong, S. Association of microRNA-21 expression with clinicopathological
characteristics and the risk of progression in advanced prostate cancer patients receiving androgen deprivation
therapy. Prostate 2016, 76, 986–993. [CrossRef]

41. Galardi, S.; Mercatelli, N.; Giorda, E.; Massalini, S.; Frajese, G.V.; Ciafrè, S.A.; Farace, M.G. miR-221 and
miR-222 expression affects the proliferation potential of human prostate carcinoma cell lines by targeting
p27Kip1. J. Biol. Chem. 2007, 282, 23716–23724. [CrossRef] [PubMed]

42. Le Sage, C.; Nagel., R.; Egan, D.A.; Schrier, M.; Mesman, E.; Mangiola, A.; Anile, C.; Maira, G.; Mercatelli, N.;
Ciafrè, S.A.; et al. Regulation of the p27Kip1 tumor suppressor by miR-221 and miR-222 promotes cancer
cell proliferation. EMBO J. 2007, 26, 3699–3708. [CrossRef]

http://dx.doi.org/10.1083/jcb.200304132
http://www.ncbi.nlm.nih.gov/pubmed/14638862
http://dx.doi.org/10.1093/nar/gkr488
http://dx.doi.org/10.4161/rna.19718
http://dx.doi.org/10.1182/blood-2006-08-043257
http://dx.doi.org/10.3390/cancers12040861
http://dx.doi.org/10.1016/j.yexcr.2008.03.016
http://www.ncbi.nlm.nih.gov/pubmed/18504038
http://dx.doi.org/10.1084/jem.20120950
http://www.ncbi.nlm.nih.gov/pubmed/23610125
http://dx.doi.org/10.1007/s11010-013-1857-6
http://www.ncbi.nlm.nih.gov/pubmed/24104455
http://dx.doi.org/10.1146/annurev-pathol-012513-104715
http://www.ncbi.nlm.nih.gov/pubmed/24079833
http://dx.doi.org/10.1038/aps.2010.48
http://dx.doi.org/10.5114/wo.2015.56648
http://dx.doi.org/10.1158/0008-5472.CAN-09-1448
http://dx.doi.org/10.1038/onc.2013.374
http://dx.doi.org/10.7150/jca.11038
http://dx.doi.org/10.1002/pros.23187
http://dx.doi.org/10.1074/jbc.M701805200
http://www.ncbi.nlm.nih.gov/pubmed/17569667
http://dx.doi.org/10.1038/sj.emboj.7601790


Cancers 2020, 12, 1861 14 of 15

43. Wang, L.; Liu, C.; Li, C.; Xue, J.; Zhao, S.; Zhan, P.; Lin, Y.; Zhang, P.; Jiang, A.; Chen, W. Effects of
microRNA-221/222 on cell proliferation and apoptosis in prostate cancer cells. Gene 2015, 572, 252–258.
[CrossRef] [PubMed]

44. Thieu, W.; Tilki, D.; White, R.W.D.; Evans, C.P. The role of microRNA in castration-resistant prostate cancer.
Urol. Oncol. Semin. Orig. Investig. 2014, 32, 517–523. [CrossRef] [PubMed]

45. Sun, T.; Wang, X.; He, H.H.; Sweeney, C.J.; Liu, S.X.; Brown, M.; Balk, S.; Lee, G.S.; Kantoff, P.W.
MiR-221 promotes the development of androgen independence in prostate cancer cells via downregulation
of HECTD2 and RAB1A. Oncogene 2014, 33, 2790–2800. [CrossRef]

46. Sun, T.; Wang, Q.; Balk, S.; Brown, M.; Lee, G.-S.M.; Kantoff, P.W. The role of microRNA-221 and -222 in
Androgen-independent Prostate Cancer Cell lines. Cancer. 2010, 69, 617–632. [CrossRef]

47. Chen, Y.; Zaman, S.M.; Deng, G.; Majid, S.; Saini, S.; Liu, J.; Tanaka, Y.; Dahiya, R. MicroRNAs 221/222 and
genistein-mediated regulation of ARHI tumor suppressor gene in prostate cancer. Cancer Prev. Res. 2011,
4, 76–86. [CrossRef]

48. Sun, T.; Yang, M.; Chen, S.; Balk, S.; Pomerantz, M.; Hsieh, C.L.; Brown, M.; Lee, G.S.; Kantoff, P.W. The altered
expression of MiR-221/-222 and MiR-23b/-27b is associated with the development of human castration
resistant prostate cancer. Prostate 2012, 72, 1093–1103. [CrossRef]

49. Palmieri, D.; Richmond, T.; Piovan, C.; Sheetz, T.; Zanesi, N.; Troise, F.; James, C.; Wernicke, D.; Nyei, F.;
Gordon, T.J.; et al. Human anti-nucleolin recombinant immunoagent for cancer therapy. Proc. Natl. Acad.
Sci. USA 2015, 112, 9418–9423. [CrossRef]

50. Chalfin, H.J.; Verdone, J.E.; Van der Toom, E.E.; Glavaris, S.; Gorin, M.A.; Pienta, K.J. Nucleolin Staining
May Aid in the Identification of Circulating Prostate Cancer Cells. Clin. Genitourin. Cancer 2017, 15, 477–481.
[CrossRef]

51. Reyes-Reyes, E.M.; Teng, Y.; Bates, P.J. A new paradigm for aptamer therapeutic AS1411 action: Uptake by
macropinocytosis and its stimulation by a nucleolin-dependent mechanism. Cancer Res. 2010, 70, 8617–8629.
[CrossRef] [PubMed]

52. Bonci, D.; Coppola, V.; Patrizii, M.; Addario, A.; Cannistraci, A.; Francescangeli, F.; Pecci, R.; Muto, G.;
Collura, D.; Bedini, R.; et al. A microRNA code for prostate cancer metastasis. Oncogene 2016, 35, 1180–1192.
[CrossRef] [PubMed]

53. Li, T.; Li, D.; Sha, J.; Sun, P.; Huang, Y. MicroRNA-21 directly targets MARCKS and promotes apoptosis
resistance and invasion in prostate cancer cells. Biochem. Biophys. Res. Commun. 2009, 383, 280–285. [CrossRef]
[PubMed]

54. Doldi, V.; Pennati, M.; Forte, B.; Gandellini, P.; Zaffaroni, N. Dissecting the role of microRNAs in prostate
cancer metastasis: Implications for the design of novel therapeutic approaches. Cell. Mol. Life Sci. 2016, 73,
2531–2542. [CrossRef]

55. Ayub, S.G.; Kaul, D.; Ayub, T. Microdissecting the role of microRNAs in the pathogenesis of prostate cancer.
Cancer Genet. 2015, 208, 289–302. [CrossRef]

56. Horoszewicz, J.S.; Leong, S.S.; Kawinski, E.; Karr, J.P.; Rosenthal, H.; Chu, T.M.; Mirand, E.A.; Murphy, G.P.
LNCaP model of human prostatic carcinoma. Cancer Res. 1983, 43, 1809–1818.

57. Pesarrodona, M.; Sánchez-García, L.; Seras-Franzoso, J.; Sánchez-Chardi, A.; Baltá-Foix, R.; Cámara-Sánchez, P.;
Gener, P.; Jara, J.J.; Pulido, D.; Serna, N.; et al. Engineering a Nanostructured Nucleolin-Binding Peptide for
Intracellular Drug Delivery in Triple-Negative Breast Cancer Stem Cells. ACS Appl. Mater. Interfaces 2020, 12,
5381–5388. [CrossRef]

58. Xu, C.; Wang, Y.; Tu, Q.; Zhang, Z.; Chen, M.; Mwangi, J.; Li, Y.; Jin, Y.; Zhao, X.; Lai, R. Targeting surface
nucleolin induces autophagy-dependent cell death in pancreatic cancer via AMPK activation. Oncogene 2019,
38, 1832–1844. [CrossRef]

59. Ramos, K.S.; Moore, S.; Runge, I.; Tavera-Garcia, M.A.; Cascone, I.; Courty, J.; Reyes-Reyes, E.M. The nucleolin
antagonist N6L inhibits LINE1 retrotransposon activity in non-small cell lung carcinoma cells. J. Cancer 2020,
11, 733–740. [CrossRef]

60. Yazdian-Robati, R.; Bayat, P.; Oroojalian, F.; Zargari, M.; Ramezani, M.; Taghdisi, S.M.; Abnous, K. Therapeutic
applications of AS1411 aptamer, an update review. Int. J. Biol. Macromol. 2019, 155, 1420–1431. [CrossRef]

61. Noaparast, Z.; Hosseinimehr, S.J.; Piramoon, M.; Abedi, S.M. Tumor targeting with a 99mTc-labeled AS1411
aptamer in prostate tumor cells. J. Drug Target 2015, 23, 497–505. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.gene.2015.07.017
http://www.ncbi.nlm.nih.gov/pubmed/26164758
http://dx.doi.org/10.1016/j.urolonc.2013.11.004
http://www.ncbi.nlm.nih.gov/pubmed/24935732
http://dx.doi.org/10.1038/onc.2013.230
http://dx.doi.org/10.1158/0008-5472.CAN-08-4112
http://dx.doi.org/10.1158/1940-6207.CAPR-10-0167
http://dx.doi.org/10.1002/pros.22456
http://dx.doi.org/10.1073/pnas.1507087112
http://dx.doi.org/10.1016/j.clgc.2016.12.004
http://dx.doi.org/10.1158/0008-5472.CAN-10-0920
http://www.ncbi.nlm.nih.gov/pubmed/20861190
http://dx.doi.org/10.1038/onc.2015.176
http://www.ncbi.nlm.nih.gov/pubmed/26073083
http://dx.doi.org/10.1016/j.bbrc.2009.03.077
http://www.ncbi.nlm.nih.gov/pubmed/19302977
http://dx.doi.org/10.1007/s00018-016-2176-3
http://dx.doi.org/10.1016/j.cancergen.2015.02.010
http://dx.doi.org/10.1021/acsami.9b15803
http://dx.doi.org/10.1038/s41388-018-0556-x
http://dx.doi.org/10.7150/jca.37776
http://dx.doi.org/10.1016/j.ijbiomac.2019.11.118
http://dx.doi.org/10.3109/1061186X.2015.1009075
http://www.ncbi.nlm.nih.gov/pubmed/25673264


Cancers 2020, 12, 1861 15 of 15

62. Russell, P.J.; Kingsley, E.A. Human Prostate Cancer Cell Lines. Methods Mol. Med. Prostate Cancer Methods Protoc.
2003, 21–39.

63. Wolfson, E.; Solomon, S.; Schmukler, E.; Goldshmit, Y.; Pinkas-Kramarski, R. Nucleolin and ErbB2 inhibition
reduces tumorigenicity of ErbB2-positive breast cancer article. Cell Death Dis. 2018, 9, 1–13. [CrossRef]
[PubMed]

64. Crivianu-Gaita, V.; Thompson, M. Aptamers, antibody scFv, and antibody Fab’ fragments: An overview and
comparison of three of the most versatile biosensor biorecognition elements. Biosens. Bioelectron. 2016, 85,
32–45. [CrossRef] [PubMed]

65. D’Avino, C.; Palmieri, D.; Braddom, A.; Zanesi, N.; James, C.; Cole, S.; Salvatore, F.; Croce, C.M.; De Lorenzo, C.
A novel fully human anti-NCL immunoRNase for triple-negative breast cancer therapy. Oncotarget 2016, 7,
87016–87030. [CrossRef]

66. Mazzocco, C.; Fracasso, G.; Germain-Genevois, C.; Dugot-Senant, N.; Figini, M.; Colombatti, M.; Grenier, N.;
Couillaud, F. In vivo imaging of prostate cancer using an anti-PSMA scFv fragment as a probe. Sci. Rep.
2016, 6, 23314. [CrossRef]

67. Nawaz, S.; Mullen, G.E.D.; Blower, P.J.; Ballinger, J.R. A 99mTc-labelled scFv antibody fragment that binds to
prostate-specific membrane antigen. Nucl. Med. Commun. 2017, 38, 666–671. [CrossRef]

68. Sebaugh, J.L. Guidelines for accurate EC50/IC50 estimation. Pharm. Stat. 2011, 10, 128–134. [CrossRef]
69. Limame, R.; Wouters, A.; Pauwels, B.; Fransen, E.; Peeters, M.; Lardon, F.; De Wever, O.; Pauwels, P.

Comparative Analysis of Dynamic Cell Viability, Migration and Invasion Assessments by Novel Real-Time
Technology and Classic Endpoint Assays. PLoS ONE 2012, 7, e46536. [CrossRef]

70. Sun, Y.; Goodison, S. Optimizing Molecular Signatures for Predicting Prostate Cancer Recurrence. Prostate
2009, 69, 1119–1127. [CrossRef]

71. Yu, Y.P.; Landsittel, D.; Jing, L.; Nelson, J.; Ren, B.; Liu, L.; McDonald, C.; Thomas, R.; Dhir, R.;
Finkelstein, S.; et al. Gene expression alterations in prostate cancer predicting tumor aggression and
preceding development of malignancy. J. Clin. Oncol. 2004, 22, 2790–2799. [CrossRef] [PubMed]

72. Chandran, U.R.; Ma, C.; Dhir, R.; Bisceglia, M.; Lyons-Weiler, M.; Liang, W.; Michalopoulos, G.; Becich, M.;
Monzon, F.A. Gene expression profiles of prostate cancer reveal involvement of multiple molecular pathways
in the metastatic process. BMC Cancer 2007, 7, 64. [CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1038/s41419-017-0067-7
http://www.ncbi.nlm.nih.gov/pubmed/29352243
http://dx.doi.org/10.1016/j.bios.2016.04.091
http://www.ncbi.nlm.nih.gov/pubmed/27155114
http://dx.doi.org/10.18632/oncotarget.13522
http://dx.doi.org/10.1038/srep23314
http://dx.doi.org/10.1097/MNM.0000000000000698
http://dx.doi.org/10.1002/pst.426
http://dx.doi.org/10.1371/journal.pone.0046536
http://dx.doi.org/10.1002/pros.20961
http://dx.doi.org/10.1200/JCO.2004.05.158
http://www.ncbi.nlm.nih.gov/pubmed/15254046
http://dx.doi.org/10.1186/1471-2407-7-64
http://www.ncbi.nlm.nih.gov/pubmed/17430594
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	NCL is Upregulated in Aggressive Forms of PCa 
	4LB5 Binds to PCa Cells and Inhibits Cell Proliferation 
	Treatment with 4LB5 Reduces Mature Forms of Oncogenic MicroRNAs and Initiates Apoptosis 
	4LB5 Impairs PCa Cell Migration 
	4LB5 Reduces AR Expression in Hormone-Sensitive LNCaP Cells 

	Discussion 
	Materials and Methods 
	Cell Culture and Media 
	4LB5 Production, Purification, and Treatments 
	Cell Surface ELISA 
	Cell Viability and Proliferation Assays 
	Western Blotting 
	Quantitative Real-Time PCR 
	Caspase Activity Assay 
	Trans-Well Migration and Wound Healing Assay 
	Bioinformatics Analysis 
	Statistical Analysis 

	Conclusions 
	References

