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Abstract

Background—Quinazoline-based a.1-adrenoceptor antagonists suppress tumor growth by
inducing apoptosis via an al-adrenoceptor-independent action. Anoikis is a unique mode of
apoptosis consequential to insufficient cell-matrix interactions.

Objective—This study investigated the apoptotic effect of novel quinazoline-based compounds
on human renal cancer cells.

Design, setting, and participants—Two cell lines were used: renal cell carcinoma (RCC)
786-0, harboring a von Hippel-Lindau (VHL) tumor-suppressor gene mutation with a highly
angiogenic phenotype, and Caki cells (no VHL mutation).

Measurements—The lead compound DZ-50 (10 pM) led to significant inhibition of tumor-cell
adhesion, migration, and invasion at a lower dose than doxazosin (25 uM) in both RCC lines.

Results and limitations—Doxazosin induced death-receptor-mediated apoptosis, while DZ-50
led to anoikis via targeting of the focal adhesion complex and AKT signaling that subsequently
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increased RCC susceptibility to caspase-8-mediated apoptosis. Both quinazoline compounds,
doxazosin and DZ-50, significantly reduced RCC metastatic potential in vivo.

Conclusions—Quinazoline-based drugs trigger anoikis in RCC by targeting the focal adhesion
survival signaling. This potent antitumor action against human RCC suggests a novel quinazoline-
based therapy targeting renal cancer.
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1. Introduction

Renal cell carcinoma (RCC) accounts for an estimated of 58 000 new cases of cancer and
about 13 000 deathsin the United States annually. The incidence of RCC has increased by
>30% in the last decade [1], with an annual mortality-to-incidence ratio significantly higher
than for other urologic tumors. Approximately 30% of RCC patients have metastasis at the
time of diagnosis; the 5-yr survival rate for patients with metastasis is <10% and the overall
5-yr survival rate is 60% [2,3]. Significantly, 60% of RCC cases harbor a von Hippel-Lindau
(VHL) tumor-suppressor gene mutation that mediates the hypoxia-inducing factor (HIF)-
related, highly angiogenic phenotype [2,3]. Combination regimens of recombinant cytokines
with interferon-a. (IFN-a) or interleukin-2 exhibit a modest response of 10-20% with no
impact on survival [3]. In the era of targeted therapy, sunitinib, a potent antiangiogenic
tyrosine kinase inhibitor approved for the first- and second-line treatment of patients with
metastatic RCC, demonstrates longer overall survival compared with IFN-a plus improved
response and progression-free survival [4].

Quinazoline-based a1-adrenoreceptor antagonists are clinically effective for the relief of
symptoms associated with benign prostatic hyperplasia [5]. We previously reported the
ability of quinazoline al-adrenoceptor antagonists, but not sulfonamide-based a.1-
antagonists, to induce apoptosis in prostate epithelial and endothelial cells [5]. This
apoptotic effect is an al-adrenoceptor-independent action, engaging the death receptor Fas-
associated death domain (FADD)-mediated caspase-8 activation, Smad activation of
transforming growth factor (TGF)-R1 signaling, and targeting the Akt survival mechanism
[6-8]. Drug optimization approaches led to the development of novel quinazoline-based
compounds, the lead analogue of which, DZ-50, exerts a potent antiangiogenic effect
targeting the prostate tumor microenvironment [9].

Tumor epithelial and endothelial cells require attachment to the extracellular matrix (ECM)
for survival; on loss of adhesion, they undergo anoikis [10,11], a process that plays a key
role in tumor angiogenesis and metastasis [12]. During metastatic progression, cells lack
firm attachment to the ECM and are susceptible to anoikis [12]. Integrin-linked kinase (ILK)
is a serine/threonine protein kinase that interacts with the cytoplasmic domain of B1-integrin
and B3-integrin [13-15]. ILK contributes to anoikis resistance by regulating key integrin-
mediated processes including cell adhesion and fibronectin-ECM assembly [13,16,17]. This
study explored the action of the parent quinazoline doxazosin and the lead derivative DZ-50
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against human renal cancer. The anoikis-driven antitumor action of quinazolines
significantly impairs renal cancer metastasis.

2. Materials and methods

2.1. Cell lines and transfections

Human renal cancer cell lines 786-0 and Caki were obtained from American Type Culture
Collection (Rockville, MD, USA). Cells were cultured in RPMI-1640 (Invitrogen, Carlsbad,
CA, USA) containing 10% fetal bovine serum and antibiotics (penicillin G/streptomycin).
Human microvascular brain-endothelial cells (HBMEC) were cultured in endothelial-cell
basal medium (EGM-2) (Cambrex, East Rutherford, NJ, USA).

2.2. Cell viability assay

Cell viability was assessed using the MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyltetrazolium) assay. Subconfluent cell cultures were exposed to increasing doses of
doxazosin (0-25 uM) or DZ-50 (0-10 uM). Doxazosin mesylate was obtained from Sigma
(St. Louis, MO, USA) and the lead compound DZ-50 was synthesized in our laboratory
[10].

2.3. Cell adhesion assay

After treatment, cells were seeded in 6-well plates (5 x 104 cells per well) coated with
fibronectin (BD Biosciences Discovery Labware, Bedford, MA, USA). Following a 10-min
attachment period, attached cells were fixed with methanol (100% v/v) and counted in three
%100 fields per well.

2.4. Migration assay

Confluent cell monolayers were wounded and exposed to either doxazosin (25 uM) or
DZ-50 (10 uM). After 9 and 24 h, cells migrating to the wounded areas were counted under
a microscope and cell migration potential was calculated as the average humber of cells
observed in five random fields per well.

2.5. Transendothelial migration assay

Sterile cover slips were coated with Matrigel (Becton Dickson, Franklin Lakes, NJ, USA)
and HBMEC cells (6.25 x 10%) were seeded to form a monolayer. Cells were allowed to
adhere on the Matrigel for 24 h. RCC 786-0 were labeled with 10 mg/ml octadecyl
indocarbocyanines (Dil) (Molecular Probes, Invitrogen, Carlsbad, CA, USA), resuspended
in EGM-2MV medium (Cambrex, East Rutherford, NJ, USA) and added to the HBMEC
monolayer (8 x 103 cells per cover slip). Cells were fixed in 2% (v/v) paraformaldehyde in
phosphate buffer saline and stained with DAPI nucleic acid stain (Molecular Probes,
Invitrogen, Carlsbad, CA, USA) to detect nuclear presence under confocal microscopy.

2.6. Western blot analysis

Antibodies against focal adhesion kinase (FAK), AKT, phospho-Akt (Ser473), p-GSK3p,
total GSK3p, caspase 8, and caspase 3 were from Cell Signaling Technology (Beverly, MA,
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USA). The phospho-FAK (Y397) antibody was obtained from Sigma (St. Louis, MO, USA).
Protein levels were normalized to a-actin (Oncogene Research Products' La Jolla, CA,
USA). Cell lysates (30-pg protein) in radio-immunoprecipitation assay buffer (150 mM
NaCl, 50 mM Tris [pH 8.0], 0.5% deoxycholic acid, 1% (v/v) NP-40 with 1 mM phenyl
methyl-sulfonyl fluoride) were subjected to sodium-dodecyl-sulphate polyacrylamide gel
electrophoresis (SDS-PAGE) and Hybond-C blotting (Amersham Pharmacia Biotech,
Piscataway, NJ, USA). Membranes were incubated with the primary antibody followed by
species-specific horseradish peroxidase—labeled secondary antibodies. Signal detection was
achieved with SuperSignal West Dura Extended Duration Substrate (Thermo Fisher
Scientific Inc, Rockford, IL, USA).

2.7. Apoptosis evaluation

RCC 786-0 were treated with either DZ-50 or doxazosin for 24 h, fixed in 4% (v/v)
formaldehyde, and incubated with Annexin-V antibody (R&D Systems, Minneapolis, MN,
USA), followed by exposure to fluorescein isothiocyanate (FITC)-conjugated goat
antimouse secondary antibodies. Analysis for Annexin-V staining was conducted using
Partec FloMax (Partec, Munster, Germany).

2.8. Caspase-8 activity assay

Caspase-8 activation was evaluated in 786-0 cells after exposure to various agents for 24 h:
DZ-50 (10 uM), doxazosin (25 uM), TRAIL (100 ng/ml), and Velcade (100 nM). Caspase-8-
specific activity was measured by luminescence using Caspase-Glo 8 Assay Systems
(Promega, Madison, WI, USA).

2.9. Cell-cycle analysis

Cell-cycle analysis was performed via fluorescence-activated cell sorting (FACS). Cells
were fixed in ethanol 70% (v/v) and stained with propidium iodide (50 pug/ml) containing 20
ug/ml RNase. Flow cytometry-based cell-cycle analysis was conducted using Partec FloMax
(Partec, Munster, Germany).

2.10. Anoikis evaluation

To determine the ability of the quinazoline compounds to induce anoikis, cells were plated
on dishes coated with either fibronectin or the nonadhesive polyhydroxyethylmethacrylate
(poly-HEMA) and incubated in culture medium for 24 h. Apoptotic cells (under adherent
and nonadherent conditions) were detected and quantitated using the Annexin V-based flow
cytometric assay.

2.11. In vivo experimental metastasis assay

Human RCC 786-0 were inoculated (2 x 106 cells per 80 pl) in the tail vein of male nude
mice (age: 4-6 wk). After 2 wk, treatment was initiated: Doxazosin (100 mg/kg) or DZ-50
(100 mg/kg) was administered three times per week for 3 wk via oral gavage as previously
described [9]. Treated and vehicle-control mice were sacrificed, and lungs, kidneys, and
prostates were excised and examined for metastatic lesions.
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2.12. Statistical analysis

One-way analysis of variance was performed using the StatView statistical program to
determine the statistical significance between values (p < 0.05).

3. Results

3.1. Doxazosin and DZ-50 induce renal-cancer cell death

Treatment of human RCC 786-0 and Caki with either doxazosin or DZ-50 resulted in a
dose-dependent loss of cell viability (Fig. 1A and 1B). DZ-50 induced cell death at a lower
dose (5 uM) than doxazosin (25 pM). Time-course analysis revealed that DZ-50 (10 uM)
significantly induced cell death within 12—24 h compared with doxazosin’s effect detected at
48 h post treatment (25 pM) (Fig. 1C-1D).

3.2. Inhibition of renal cancer cell adhesion and invasion by quinazolines

The adhesion, migration, and invasive properties of 786-0 cells were subsequently evaluated.
Exposure to either doxazosin (25 uM) or DZ-50 (10 pM) resulted in significant suppression
of RCC adhesion potential to laminin- and fibronectin-coated surfaces in a time-dependent
manner (Fig. 2A and 2B). Both quinazoline drugs significantly suppressed the migration and
invasion ability of RCC (Fig. 2C and 2D).

3.3. Anoikis induction by DZ-50 and apoptosis by doxazosin

Treatment with either drug (24-48 h) resulted in activation of caspase 8 and sequential
activation of caspase 3, as indicated by the cleaved enzyme fragment detected by Western
blotting. As shown in Fig. 3A, DZ-50 exposure led to a more profound caspase-8 cleavage
compared with that of doxazosin, even at lower concentrations (10 uM). Specific caspase-8
activity was also determined in response to DZ-50 and doxazosin, as well as two agents
known to induce apoptosis via the death receptor pathway: Trail and Velcade (Fig. 3B). A
significant increase in caspase-8 activity was detected after 12 h of treatment. Annexin-V
staining revealed that both drugs induced apoptosis within 24 h (Fig. 3C-3D).

The pan-caspase inhibitor ZVAD-FMK significantly inhibited the morphologic changes
associated with apoptosis in response to doxazosin in a dose-dependent manner (10-30 pM),
while in DZ-50-treated cells, the caspase inhibitor failed to exert a significant effect on
apoptosis or detachment (anoikis) (Fig. 4A-4C). The significance of the death-receptor
pathway was assessed using stable clones of 786-0 human RCC expressing C-Flip, an
endogenous inhibitor of FADD-mediated activation. In response to doxazosin, C-Flip
expressing 786-0 cells exhibited a significant decrease in cell viability, while DZ-50 failed to
trigger a similar effect (Fig. 4D and 4E).

To determine the detachment dynamics in response to DZ-50, activation of caspase 8 and
caspase 3 was assessed at 24 h post treatment. Both compounds led to activation of caspase
8 and caspase 3 (Fig. 3A). Most cleaved forms of caspase 8 and caspase 3, however, were
observed in detached cells (suspension), while there was low caspase activity under adherent
conditions (Fig. 4F). Caspase activation was consequential to DZ-50-triggered detachment
compared with doxazosin’s effect under adherent conditions (Fig. 4F).
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3.4. Targeting focal adhesion complex interactions by DZ-50

To study the mechanism driving DZ-50-mediated anoikis, the integrin-focal adhesion
signaling repertoire was investigated. As shown on Fig. 5A, exposure of RCC 786-0 to
DZ-50 inhibited phosphorylation of focal adhesion-dependent FAK (Y397) within the first 3
h, and by 12 h there was a significant decrease in phosphorylated FAK levels. This was
paralleled by a decrease in phosphorylated AKT (Ser473) levels in response to DZ-50. Since
GSK-3p, a downstream target of ILK-1, contributes to anoikis resistance in other cell
systems [15,18], its phosphorylation pattern was assessed in response to quinazolines. As
shown in Fig. 5A, a marked reduction in phosphorylated GSK-3p was detected after 12 h of
treatment with DZ-50. In contrast, no significant differences in either the expression levels
or phosphorylation status of focal adhesion signaling effectors were elicited by doxazosin
(Fig. 5A). To dissect the anoikis effect of DZ-50 in RCC, we subsequently examined
whether formation of the focal adhesion complexes mediated by integrin p1, a cell-adhesion
regulator [19], is targeted by DZ-50. Fig. 5B reveals that DZ-50 disrupted ILK-1, FAK, and
paxillin binding with integrin B1, while doxazosin had only a modest effect. Confocal
microscopy confirmed reduced FAK phosphorylation and revealed disruption of focal
adhesion complexes by DZ-50 (Fig. 5C, arrows).

3.5. Quinazoline-mediated inhibition of renal cell carcinoma metastasis in vivo

Fig. 6A indicates that treatment with either doxazosin or DZ-50 at pharmacologically
relevant doses significantly decreased formation of RCC lung metastatic lesions compared
with the control group of vehicle-treated mice (o= 0.0206 and p= 0.0357, respectively, for
doxazosin and DZ-50).

3.6. Effect of doxazosin and DZ-50 on cell-cycle progression of renal cancer cells

Considering the reported effect of quinazolines on cell-cycle arrest in other cell systems
[20,21], we examined the effect quinazolines on RCC cell-cycle progression. Within 12-24
h of treatment, both drugs blocked progression through the G2 checkpoint towards mitosis
(G2-M arrest) that was associated with a marked decrease in CDC25c and CDK1 expression

[22] (Fig. 7).

4. Discussion

Acquisition of resistance to anoikis is the one of major hallmarks for cancer-cell metastatic
potential. Thus, reversing such resistance provides a distinct therapeutic advantage in
preventing metastasis. Disruption of cell-survival signals due to loss of integrin-ECM
signaling is considered the first step in anoikis induction [10,11]. Integrin B1 recognizes the
major adhesive ECM components, fibronectin and laminin, in its regulation of cell survival
and mediates anoikis resistance [23,24] by activating intracellular signaling effectors such as
FAK and phosphatidylinositol 3-kinase (Pl 3-kinase)/AKT.

Our drug optimization efforts recently identified a quinazoline lead compound, DZ-50,
which exerts potent antiangiogenic properties via anoikis induction, impairing tumor
vascularity [9]. The present findings demonstrate that doxazosin induced apoptosis in two
human RCC lines, 0-786 and Caki, and this cell-death action was significantly abrogated by
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C-Flip, an endogenous FADD-mediated apoptosis inhibitor, indicating the participation of
the death-receptor apoptotic signaling pathway. These observations resonate with the
mechanism of doxazosin induced in prostate cancer cells [8]. In contrast, DZ-50 induced
RCC death via anoikis. DZ-50 inhibited FAK phosphorylation within 3 h and suppressed
critical focal adhesion complex downstream survival signaling events, including activation
of AKT and GSK-3p and disruption of integrin-mediated focal adhesion complexes,
including FAK, ILK-1, and paxillin. Temporal analysis of cell death revealed that in
response to DZ-50, anoikis occurs prior to apoptosis; moreover, DZ-50 reduces FAK
phosphorylation as an early event via disruption of integrin p1-mediated focal adhesion
complexes, thus sensitizing cells to anoikis. Ongoing studies are pursuing the focal adhesion
partners critical for conferring anoikis resistance, (eg, talin) as potential targets of DZ-50-
induced anoikis in metastatic tumors.

ILK regulates several integrin-mediated cellular processes, including cell adhesion,
fibronectin-ECM assembly, and anchorage-dependent cell growth [13,16,17]. On cell
adhesion, ILK is transiently activated and directly phosphorylates AKT Ser473 [25] and
GSK3 [17]. In contrast, inhibiting ILK in cancer cells blocks AKT phosphorylation and cell
survival. Therefore, ILK-1 emerges as a major regulator of anoikis resistance [18,26,27].
Our results establish that DZ-50 can disrupt the ILK-1/integrin p1 complex and reduce
phosphorylation of GSK-3p, a downstream target of ILK-1 signaling, in RCC. In squamous
cell carcinoma, the peroxisome proliferator-activated receptor-y (PPARy) antagonist
inhibited cell adhesion by downregulation of integrin 85 and further inhibited integrin-
dependent signals, including phosphorylation of FAK, ERK, and MAPK [28]. The present
data, in accord with our previous findings, establish the ability of lead quinazoline
compounds to impair cancer-cell invasion via an anoikis effect [9]. This study suggests a
potential therapeutic value of quinazoline-mediated anoikis in targeting renal tumor
vascularity and effectively impairing metastasis (Fig. 6B).

5. Conclusions

Quinazoline-based drugs trigger anoikis in renal cancer cells by targeting the focal adhesion
survival signaling. This potent antitumor action against human RCC suggests a novel
quinazoline-based therapy targeting renal cancer.
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concentrations of (A) doxazosin (0-25 pM) or (B) DZ-50 (0-20 uM) for 48 h, and cell death
was determined using the MTT assay. Time-course assessment of loss of cell viability is
shown in response to (C) doxazosin (25 uM) and (D) DZ-50 (10 pM). Numerical values
represent the average of three experiments performed in triplicate (plus or minus standard

error of the mean).
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DOX = doxazosin; DZ = DZ-50.
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Fig. 2.
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8
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Effect of doxazosin and DZ-50 on migration, adhesion, and invasion in 786-0 and Caki renal
carcinoma cells. The number of adherent cells on (A) laminin-coated and (B) fibronectin-
coated plates was determined after 3—12 h of exposure to either drug as indicated. (C) Cell
migration potential was determined on the basis of a wounding assay. The number of
migrating cells was assessed after 9 and 24 h of doxazosin (25 pM) and DZ-50 (10 uM)
treatment. (D) Results from the transendothelial migration invasion assay. Quantitative
analysis of the data is shown on the left.

DOX = doxazosin; DZ = DZ-50; Cont = control; Dil = octadecy! indocarbocyanines; DAPI

= DAPI nucleic acid stain.
*p<0.05.

Eur Urol. Author manuscript; available in PMC 2017 June 05.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Sakamoto et al. Page 13

DOX Dz
A 0 6 24 48 0 6 24 48
Pro-Caspase-8 P  57kDa
Cl-caspase-8 P - : 43/41kDa
Pro-Caspase-SP = 34kDa
Cl-caspase-3» | - - - 16/18kDa
Actin B S e e g e 22KDa
400 7
B 2T 3501
- T 3004
® 8 250
G 200
ﬁ % 150 1
ﬁ-E 100
O 5 50
T oM : . ;
Cont Dz DOX  Trail  Trail+vel
D
1 ] " 0w 1000 2 35-
3 *
DZ-50 (10uM) O 301 *
o QLo 2 25 1
g 21
£ 151
i
5 51
Cont DZ DOX

Fig. 3.

Agoptotic response of renal cancer cells to quinazolines. Human renal cancer 786-0 cells
were treated with doxazosin or DZ-50 for increasing periods of time (0-48 h) and (A)
cleavage of caspase 8 and caspase 3 was determined by Western blotting using the respective
antibodies. (B) Data from evaluation of caspase-8-specific activity in 786-0 cells after
treatment with DZ-50 (DZ; 10 uM), doxazosin (DOX; 25 uM), Trail (100 ng/ml), and
Velcade (Vel; 100 nM) for 24 h. Average values of caspase-8-specific activity are shown
from duplicate experiments. (D) Induction of apoptosis was determined by Annexin-V
staining (flow cytometry analysis) following treatment with either DZ-50 or doxazosin for
24 h (right panel). Left panel indicates the average percentage of Annexin-V positive cells.
Cont = control.
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*p< 0.01.
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Fig. 4.

Inguction of apoptosis by doxazosin and anoikis by DZ-50 in renal cancer cells 0-786,
which were treated with either doxazosin or DZ-50 for 48 h in the presence or absence of the
pan—caspase inhibitor ZVAD-FMK (10-30 pM). (A) Cell morphology was examined under
light microscopy; (B) the ratio of adherent cells relative to the control cells (no inhibitor)
was quantified; (C) the ratio of floating (suspension) cells relative to controls was also
determined. Response of C-Flip and vector stably expressing 786-0 renal cancer cells to (D)
doxazosin and (E) DZ-50, respectively (dose response). (F) Comparison of caspase 8 and
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caspase 3 cleavage in adherent and detached cells are shown together with total cells
(adherent plus suspension) after DZ-50 treatment (10 uM) for 24 h. Doxazosin treatment
failed to induce detachment within 24 h.

DOX = doxazosin; DZ = DZ-50; Cont = control; susp = suspension; ad = adherent.
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DZ-50 focal adhesion complex targeted by DZ-50 in renal cancer cells. (A) The kinetics of
phosphorylation of anoikis-related focal adhesion kinase (FAK) (Y367), AKT (Ser473), and
GSK3b signaling players were determined after incubation with DZ-50 (10 uM) and
doxazosin (25 pM) for increasing time periods. Relative expression of specific
phosphorylated proteins relative to total protein levels (FAK, AKT, and GSK3p) was
determined by densitometry. (B) The consequences of quinazolines DZ-50 and doxazosin on
renal cell carcinoma 0-786 on the interaction of integrin f1-mediated focal adhesion players
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was investigated after treatment with either drug for 12 h by immunoprecipitation analysis;
the profiling of the association with integrin-linked kinase (ILK)-1, FAK, and paxillin was
detected by Western blotting. (C) Phosphorylation status of FAK as examined using confocal
microscopy. Vinculin was used as a focal adhesion marker. Colors used for nuclear staining:
red = P-FAK; green = vinculin; blue = DAPI stain.

DOX = doxazosin; DZ = DZ-50; Cont = control.
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(A) DZ-50 and doxazosin suppressed renal cancer cell metastasis in vivo. Severe combined
immunodeficient mice were injected with renal cell carcinoma (RCC) 786-0 in the tail vein.
Two weeks after inoculation, mice were treated with doxazosin (100 mg/kg) (7= 4) and
DZ-50 (100 mg/kg) (7= 4) via oral gavage three times a week. After 3 wk of treatment,
doxazosin and DZ-50 significantly decreased the number of lung metastatic lesions
compared to the untreated control mice (p=0.0162 and p = 0.0357, respectively). (B)
Proposed model of quinazoline cell-death action in RCC. Scenario 1: doxazosin-mediated
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death receptor triggers caspase-8 cleavage, leading to caspase-3 activation and “classic”
apoptosis induction. Scenario 2: DZ-50 disrupts integrin-focal adhesion kinase (FAK)-
mediated cell-survival pathways, which regulate cellular susceptibility to anoikis signaling
stimuli. Scenario 3: quinazoline directly affects G2-M cell-cycle arrest of RCC.
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Fig. 7.
DZ-50 and doxazosin mediating G2-M arrest. (A) After treatment with either doxazosin

(Dox) or DZ-50 for 12 and 24 h, cell-cycle analysis was evaluated using propidium iodide
staining. (B) The ratio of each cycle phase is shown in barographs. (C) Expression of G2-M
arrest-related cell cycle regulatory proteins was analyzed by Western blotting using specific
antibodies (CDK-1, CDK-2, and CDC25c). Glyceraldehyde 3-phosphate dehydrogenase was
used as a loading control.
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