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Abstract

Prostate cancer (PC) represents one of the most commonly diagnosed cancers, and the over-expression of cell survival genes has
been described to underlie castration-resistant prostate cancer (CRPC) emergence and resistance to chemotherapies post-andro-
gen withdrawal. Although several patients initially respond well to standard treatments but later become unresponsive and recur
within two years, leading to therapy-resistant prostate cancer (TRPC), which has become a major cause of PC deaths worldwide.

drug-like small molecules that exert their cytotoxic activity through mechanisms of inclusive gene inhibition potentiate an excel-
lent modality for CRPC treatment with overt therapeutic advantage. In this study, an improved conjugated small molecule, a ther-

JOMD-1307 downregulates increased transcription and expression of Hsp27 stress-induced signaling pathways involved in PC cell

tores the sensitivity of CRPC cells to treatment.
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Introduction

Prostate cancer (PC) is one of the most frequently

wide, with approximately 7% cancer mortality rate [1,2]. Pa-

tients  within the advanced stage are treated with androgen

tially respond to ADT but relapse to experience progression

of PC disease that will subsequently lead to castration resis-

tients  especially  those  with  comorbid  conditions,  high
chronological age, and/or a poor performance status due to

the therapy's limitations [2-4]. Progression to castration- re-

years of castration therapy. Unfortunately, CRPC has been a

menace  to  treat,  and  ultimately,  patients  in  this  category

usually have an overall survival (OS) of 12-18 months [5,6].
Clinical phase III trials on the docetaxel-based treatment of

advanced  prostate  cancer  cells  showed  proof  of  improved

-lived for 2.7 months due to the progression to therapy-resis-

lenge for clinicians and drug developers to elicit cancer ther-

apy. Despite the recent arrays of therapies, CRPC and metas-

lenge, and understanding the underlying mechanisms of CR-
PC progression  and developing  anticancer  agents,  will  im-

that the bypass pathways (Non-AR-related pathways) mech-

anism,  increases  the  cascade  of  P13K/AKT/TOR  and

MAPK  signaling  activity  to  stimulate  alternative  growth

pathways or enhances bypass survival signaling pathways in-

ways bind to the increased levels of insulin-like growth fac-

tor 1 and its  receptor (IGF-1 and IGF-1R) in PC to stimu-

late its transduction signal cascade and activate the expres-
sion of survival proteins responsible for the cellular growth

and invasiveness in CRPC cells [11-13]. Importantly, the al-

ternative pathways also involve the increased expression of
heat  shock  proteins  27  (Hsp27)  stress-induced  signaling

the partner proteins (Menin, TCTP, DDX5, elF4E) from un-

dergoing  proteasome  degradation  [14-16],  and  the  mitiga-

tion of Hsp27 expression inhibits the expression of the part-

proach to improve the treatment of therapy-resistant pros-

tate cancer (TRPC) cells invasiveness via targeting and miti-
gating  Hsp27  stress-induced  signaling  pathways,  inhibits

the partner proteins expression, to prevent, delay, and treat
the  emergence  of  the  castration-refractory  phenotype
[14-16,18,19].  It  has  been shown that  the  Hsp27 upregula-

tion  via  the  inducement  of  c-Myc  and  heat  shock  fac-
tor-1(HSF-1),  which  are  transcription  factors  responsible

for elevated regulation of survival genes are aggressively in-

volved in TRPC progression [20-23].  In addition, Hsp27 is

an ATP-independent molecular chaperon and its stress-in-

duced  signaling  to  cytoprotects  and  interactions  with  the

partner proteins contributes to resistance to anticancer ther-
apies  leading  to  TRPC  [8,24].  While  cMyc  is  a  Myc-pro-

to-oncogene and a multifunctional nuclear phosphoprotein,

thus  its  increased  inducement  and  expression  regulate
metabolic changes (survival proteins) involved in TRPC pro-
gression  [25-28].  Also,  HSF-1  is  a  transcription  factor  that

upregulates  the  genes  of  heat  shock  protein  (such as  HSP-

fore, inhibiting molecular chaperon functions of Hsp27 and

scription has been seen as a pivotal pointer in arresting CR-
PC  progression.  Moreover,  studies  have  previously  shown
antisense oligonucleotide (OGX-427), small molecules such

as NA49, and phenazine #14 delays PC progression, and res-

geting and inhibiting Hsp27 stress-induced signaling and its

cytoprotecting interaction with the partner proteins expres-

sion  from  ubiquitin  proteasome-degradation  [29,30,16].

While  c-Myc increased transcription regulation of  genes  is

induced by survival proteins to enhance their oncogenicity,
and  the  inhibition  of  c-Myc  elevated  transcriptional  func-

tions with c-Myc inhibitors, such as S2L-PI-41, WEN-3694,

FTY720,  and  Omomyc,  obstructs  transcription  of  survival
proteins  expression  [26,28,31].  Also,  the  inhibition  of  HS-
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F-1 increased transcriptional  regulation impairs  the elevat-
ed  transcription and expression of  stress-  induced survival
genes  in  CRPC  cells  [23,32,33].  In  addition,  survival  pro-
teins  are  known  to  trigger  the  survival  pathways  and  have

to  hinder  apoptotic  cell  death  and  induce  mutant  p53  ex-

ed  in  several  physiological  and  metabolic  alterations,  such
as the survival and the downstream signaling pathways, and
long-term/continuous  inhibition of  these  survival  proteins'
expression might be accompanied by adverse cytotoxic side

use  of  small  molecules  and  their  analogs  that  can  identify,
target, disrupt, and inhibit survival protein-protein interac-
tions  and  expression,  and  the  downstream  signaling  path-
ways  involved  in  TRPC  [38-41].  Some  of  these  small
molecules  are  designed  as  theranostic  agents  with  al-

target and inhibit the survival proteins genome thereby caus-
ing DNA damage [42-47].

Targeting  and  inhibiting  increased  transcription
of Hsp27-stress-induced signaling pathways and its cellular
interactions  with  the  partner  proteins  brings  huge  clinical

However, most small molecules have poor solubili-
ty and penetration into the cell, limiting their therapeutic ca-
pability.  Previous  studies  have  shown  naturopathic  com-

JOMD-1307 which is  synthesized as  a  theranostic  agent  or
chemical  compound  (nanoparticle)  that  is  water-soluble
and  can  easily  attach  and  penetrate  the  cell  membrane  of
cancer  cells  than  non-cancerous  cells  to  target  and  inhibit
the increased expression of Hsp27, and its interactions with
partner proteins, including inhibiting the targeted transcrip-
tional factors (c-Myc and HSF-1) of Hsp27 to enhance treat-
ment of TRPC [26,28,48,51].

JOMD-1307  can  form  micelle  when  exposed  to
cancer  cells,  interact  with  cell  DNA  molecules,  and  target
the  mitochondria  causing  cellular  stress  (ROS)  [50,52-57].
Due  to  its  chemical  composition,  it  can  also  intercalative
bind to single-stranded polyadenylic acid (poly A) to inhibit
the  mRNA-  poly-A  synthesis  and  auto-regulate  poly-  A
binding to  impair  the  target  protein synthesis  in  some hu-
man cancers, and an option for multidrug resistance rever-
sal  and  increase  cancer  cells'  sensitivity  to  treatment
[50,54,57-59].

To  elucidate  the  cellular  anticancer  ability  of  the

JOMD-1307, we performed in vitro, in vivo, and ex vivo ex-
perimental analyses on PC cell lines, such as androgen-inde-
pendent PC-3, androgen-dependent LNCaP, and normal hu-
man epithelial prostate cell line PNT1A, as a corresponding

ties to inhibit the target proteins' interaction and expres-
sion, decrease mRNA expression and PC cell viability, dis-
tort cancer PC cell division, induce apoptotic PC cell death,

via mitochondrial targeting and inhibition of cell survival
proteins, and downregulating the cellular survival pathways

In  this  study,  the  JOMD-1307  was  able  to  target
and mitigate the expression and interaction of Hsp27 stress-
induced signaling pathways and downregulate its transcrip-
tion factors and gene upregulation to enhance the treatment
strategy for CRPC cells.

Materials and Methods

Synthesis of JOMD-1307

JOMD-1307  is  derived  from  the  indole  alkaloid
group  synthesized  with  DOTAU  nucleolipids  (DOU-
PEG-2000) formulated in a pharmacology adjustment dose
to  form  nucleoside-lipid-base  nanoparticles  (Figure  7).
JOMD-1307  stock  concentration  of  10mM  was  dissolved

ing concentrations used for the experiments.

Cell Lines and Cell Culture
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(AIPC)  cell  line  PC-3,  androgen-sensitive  prostate  cancer
(ASPC) cell line LNCaP, and normal human epithelial pros-
tate  cell  line  PNT1A  were  purchased  from  the  American
Type Culture Collection (ATCC, Manassas, VA, USA) and
maintained in Nitrogen oxide (NO2

Eagle’s Medium (DMEM) and Roswell Park Memorial Insti-
tute 1640 (RPMI 1640) from (Life Technology, Inc., Saint
Aubin, France) supplemented with 10% fetal bovine serum
(FBS) from (Invitrogen, Paisley, UK) were used to cultivate

PC-3, LNCaP, and PNT1A cell  lines at 37 C in 5% CO2.
Trypsin-EDTA for trypsinization was purchased from Gib-
co  (Life  Technologies,  Villebon-sur-Yvette,  France),  and

line (PBS) purchased from Gibco (Life Technologies, Ville-
bon-sur- Yvette, France).

Treatment  of  PC-3,  LNCaP,  and PNT1A Cells  with
JOMD-1307

PC-3,  LNCaP,  and PNT1A cells  were  seeded into
10 cm dishes (1,250,000 cells/well) or 12-well plates (50,000

carried out, while the untreated cells were used as controls.

Cell Viability and Proliferation Assay

For  cell  viability  and  proliferation  studies,  cells
(PC-3,  LNCaP,  and PNT1A) were  seeded in  12-well  plates

JOMD-1307,  and  DMSO  and  untreated  cells  were  used  as
controls in a total volume of 500 µL/ well each in triplicate.

moved,  cells  were  stained  with  100  µL  of  MTT  (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) so-
lution (from 5mg/ml stock solution in 1% PBS,  pH 7.4)  in

each well of the plate for 2 h at 37 

are re- suspended in DMSO at room temperature to dis-

mix the reaction content and transferred to 96 well plates

for the optical density to be read at 595 nm by spectrometry
using an ELISA reader from Multiskan SkyHigh (Life Tech-

percentage of cell proliferation compared to the controls,
and this protocol was also used to estimate IC50 (50% in-

liferation and anticancer activities of DMSO and untreated
cells are used as positive and negative controls respectively.

sequent experiments.

Cell Cycle Analysis using Flow Cytometry

pound on PC-3 and LNCaP cells were tested using Phospho

are  cultured  for  24  h  and  later  treated  with  JOMD-1307
compound, and their corresponding controls untreated. Af-
ter  incubation,  the  cells  were  harvested  and  washed  with

cold  ethanol  at  4  oC  for  a  minimum  of  1  h  or  overnight.

moved, and the cells washed twice with PBS 1X (2000 rpm

and cells were re-suspended in 200µl PBS 0,2% Triton (Sig-
ma-Aldrich,  St.  Louis,  MO,  USA)  for  permeabilization  on

pernatant  removed,  and  100ul  of  anti-Phospho  H-3  (Sig-
ma-Aldrich,  St.  Louis,  MO,  USA)  were  added  to  dilute  to

cubated for 30’ at RT, washed with PBS 1X + 0.2% triton +

100µl of anti-Rabbit Alexa 647 (Invitrogen, Paisley, UK) in

spun at 2000 rpm for 5’. Add 0.5ml of PI/RNase (Sigma-Al-
drich,  St.  Louis,  MO,  USA)  staining  solution  containing
50µg/mL of PI and 100 µg/mL of RNase for 1.106 cells, and

were  transferred  into  a  5ml  FACS  tube  on  ice  for  acquisi-

cording to the cell cycle phases was examined with a FACS
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A),  and  Cell  Quest  (BD  Biosciences,  San  Jose,  CA,  USA).

is used to determine the content of DNA, and based on the
results produced, the phase(s) of the cell cycle arrest was de-
termined.

Apoptosis Analysis using Flow Cytometry

Determination  of  apoptosis  was  analyzed  using
the  APC  Annexin  V/PI  staining  method,  Apoptosis  Kit

CaP  cells  were  cultured  for  24  h  and  later  treated  with
JOMD-1307,  and  their  corresponding  controls  untreated.

100µl of cell suspension. Incubate for 10-15’ at RT, and pro-
tect the cells from light. We added 2 ml of 1X binding buf-

natant was discarded and cells re-suspended in 200 µl of 1X

the manufacturer’s  instructions and incubated for 5-15’  on

cubation stored at 2-8oC, and protected from light before ac-
quisition  with  the  FACS  machine.  Approximately  10,000

try  (BD  LSR  II  Flow  Cytometry  Analyzer)  and  the  rate  of

Ashland, USA).

Confocal Microscopy Imaging

To  observe,  the  cellular  distribution  of  the
JOMD-1307  on  the  PC  cell  line,  PC-3,  and  LNCaP  cells
were  cultured  into  a  12-well  plate  containing  cover  glasses

cells  were treated with 2.0 µM JOMD-1307, and their con-

Cells  are  washed  with  PBS  1X  twice  and  incubated  with  a
prepared  1:  10,000  dilutions  of  4’,6-diamidino-2-phenylin-

cover slides containing the cells are mounted on glass slides

using  Prolong  Gold  anti-fade  reagent  (Life  Technologies,

in the dark for at least 24 h at RT, and sealed with nail pol-

cence  confocal  microscope  plan  40×/1.4  (Carl  Zeiss,  Paris,
France) for JOMD-1307 and controls (absorption; 570 nm,
emission;  790  nm)  and  DAPI  (absorption;  350  nm,  emis-

rescence incorporated in the mounting media (Vectashield,
Vector  Laboratories,  Burlingame,  CA).  Results  were  repre-
sentative of random pictures taken from three independent
experiments.

Western Blot Analysis

tested  using  western  blot  analysis.  PC-  3  and  LNCaP  cells
are cultured in 6 x 105 cells/dish in culture medium supple-
mented  with  10%  FBS  and  incubated  overnight  in  a  5%

cells were treated with JOMD-1307, and the untreated con-

were transferred into falcon tubes washed with PBS 1X, and
lysed on ice for 30’ to form lysates by using a constituted ly-

l's protein lysates are mixed and spun at 13,000 rpm at 4°C
for  1  h  and  the  supernatant  is  separated  into  Eppendorf

bourg, France). Equal amounts of protein concentration un-
dergo  electrophoreses  on  a  10%  sodium  dodecyl  sul-
fate-polyacrylamide  gel  (SDS-PAGE)  and  transferred  to  a

GE Healthcare Life Sciences, Freiburg, Germany) using ver-
tical  electrophoresis  apparatus  Mini-PROTEAN®  3  Cell

bated with the following primary antibodies that were used:
rabbit Heat Shock Protein 27 (Hsp27) antibody (Assay De-
signs,  Villeurbanne,  France,  1/5000),  rabbit  c-Myc  (an-
ti-c-Myc) antibody (Cell Signaling Technology, 1/1000, Mas-
sachusetts, USA), rabbit antibody Caspase-3 (Cell Signaling



6

JScholar Publishers

Technology,  1/1000,  Massachusetts,  USA),  rabbit  antibody
Caspase-8  (Cell  Signaling  Technology,  1/1000,  Mas-
sachusetts, USA), rabbit Poly(ADP-ribose) polymerase (an-
ti-  PARP)  antibody  (Cell  Signaling  Technology,  1/1000,
Massachusetts,  USA),  rabbit  Apoptosis-Inducing  Factor
antibody  (anti-AIF)  (Cell  Signaling  Technology,  1/1000,
Massachusetts,  USA),  rabbit  Heat  Shock  Factor  1(HSF-1)
antibody  (Cell  Signaling  Technology,  1/1000,  Mas-
sachusetts,  USA),  mouse  anti-glyceraldehyde-3-phosphate
dehydrogenase  (anti-GAPDH)  antibody  (Santa  Cruz
Biotechnology, Heidelberg, Germany 1/5000.) as an internal
control,  anti-rabbit  IgG  HRP  conjugate  antibody  (Santa
Cruz Biotechnology, Heidelberg, Germany, 1/5000), and an-
ti-rabbit  True  blot  IgG  HRP  conjugate  antibody  (eBios-
ciences,  1/1000,  Villebon-sur-Yvette,  France)  according  to
the manufacturer’s protocols at 4°C overnight. Re-blot Plus
Mild  Solution  (Millipore,  Molsheim,  France)  was  used  for

and incubated with the corresponding secondary antibodies
for 2 h at RT. Primary and secondary antibodies are consti-

bands were revealed by enhanced chemiluminescence (ECL;

terized  using  the  ImageJ  (Sun  Microsystems,  Santa  Clara,

Co- Immunoprecipitation (co-IP) Assay

Hsp27/HSF-1 expression levels on PC progression were per-

cells treated with JOMD-1307 were conducted as previously

µL and incubated with 5-8 µL (1/50) of primary antibodies
of  rabbit  anti-Hsp27  antibody  (Stressgen,  Victoria,  British
Columbia,  Canada),  rabbit  c-Myc  (anti-c-Myc)  antibody
(Cell  Signaling  Technology,  1/1000,  Massachusetts,  USA),
rabbit Heat Shock Factor 1(HSF-1) antibody (Cell Signaling
Technology,  1/1000,  Massachusetts,  USA)  and  rabbit  an-

ed  by  incubating  with  30  µL  of  True  blot  anti-rabbit  Ig  IP
beads (eBiosciences, Paris, France) for 1 h at 4o C, and cen-

moved and cells were washed three times with the cold lysis

ed for 5’ at 95o C before carrying out Western Blot analysis
from the SDS-PAGE electrophoreses stage.

Messenger  RNA  (mRNA)  Quantitative  Real-time
RT-PCR  Analysis

Total  RNA  was  extracted  from  harvested  PC-3
and  LNCaP  cells  treated  with  JOMD-1307  for  72  h  using
the protocols of Maxwell RSC simply RNA cells kit (Cat.  #

RNA concentrations  were  determined by NanoDrop Spec-

ity/quality was observed using the Agilent RNA ScreenTape

trand cDNA by using SuperScript III Reverse Transcriptase

in  triplicate  on  a  StepOnePlus  system  (Life  Technologies,
Germany)  according  to  manufactural  protocols  using
primers  pairs  and  probes  of  the  Hsp27  Probe  (Oligo  #:
8819069316-000010); 5’- [ 6FAM] AGCCATGCTCGTCCT-
GCCGC  [TAM],  Hsp27_FW  (Oligo  #:
8819069316-000020); 5’-GAGATCACCGGCAAGCAC and
Hsp27_RV (Oligo #: 8819069316-000030); 5’-ACAGGGAG-
GAGGAAACTTGG, and GAPDH – an oligo Mix pre-devel-
oped  TaqMan  Assay  Reagents  (  applied  biosystems,  Life
Technologies  LTD,  Warrington,  UK)  respectively,  which
was mixed with a TaqMan Universal Gene Expression Mas-

ed  genes  Hsp27  and  TCTP  expressions  were  normalized
with the GAPDH levels as an internal control on all the ana-
lyzed  samples,  while  the  non-treated  samples  of  each  cell
line acted as the comparing factor.

An  In  Vivo  Experimental  Analysis  on  Tumor

Growth Evaluation
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For the in vivo study, 10,000,000 PC-3 cells were
inoculated subcutaneously with 0.1 ml of DPBSX1 in the
flank region of 6-week-old male Bal-C Nude mice (NOD
SCID) through a 27-gauge needle under halothane anesthe-

mentation was from the Directorate of Research and Quali-
ty Assurance, Federal University Otuoke, Nigeria. Tumor
volumes were measured weekly with a caliper which is as fol-
lows: length × width × depth × 0.5236. PC-3 cells were inoc-
ulated intradermally into the mice to form a tumor volume
of 90–100 mm3, mice were randomly selected from their
cages for treatment by injecting intraperitoneal with PBS
(control) and JOMD-1307(treatment). We had two experi-
mental groups of 9 mice each for controls and treatments,
which were  mixed and randomly  distributed into  cages.
JOMD-1307 treatment concentration was at 2mg/kg, corre-

was done over 4 weeks with two injections per week. and
the tumor volume/size measurements are analyzed.  Data
points  from the  experiments  were  expressed  as  mean ±

ex vivo analysis. For target protein expressions, using the

nized with a vibra-cellTM Ultrasonic processor (Bio block

pernatant was used for investigation. For cell proliferation
analysis with the Ki 67 method [69].

Statistical Analysis

Statistical  analysis  was  conducted  using  Graph

representative experiments or the mean +/− SEM (standard
error  of  the  mean)  represents  results.  *:  p  ≤  0.05,  **:  p  ≤

RESULTS

JOMD-1307  inhibits  PC  cell  growth  and  progres-
sion.

growth was evaluated on two PC cell lines PC-3 and LNCaP
cells,  as  well  as  on  the  normal  prostatic  cell  line  PNT1A
cells, which were measured using the MTT assay at increas-

ing concentrations (from 1 to 20 µM). JOMD- 1307 exhibit-
ed a dose-dependent inhibition response on PC-3 and LN-

was  reduced  by  40%  when  treated  at  the  lowest  doses
(1µM), and the IC50 values were approximately 2.0µM (Fig-
ureure. 1A-D). In PNT1A cells, JOMD-1307 had a low inhi-
bition response  on cellular  proliferation in  increasing con-
centrations (from 1 to 20 µM), and we observed a reduced

tion  and  viability  when  compared  to  PNT1A  cells.  It  re-

for the normal prostatic cell. However, it maybe the normal
prostatic  cell  could  resistant  cellular  stress  induced  by
JOMD-1307 due to the reduce amount of the drug that pen-
etrates  into  cell  and  heterogeneously  distributed  to  distort
the normal cell viability.

JOMD-1307  disrupts  PC  cell  division  and  causes
death  through  apoptotic  induction

To  elucidate  JOMD-1307stipulates  anticancer  ac-

amined on PC-3 and LNCaP cells  using Phospho H-3 and

concentration (2.0µM). Results revealed that PC-3 and LN-

population  in  the  G0-  G1  phase  of  68.0%  (Figure.  2A,
***P<0.001) and 63.0% (Figure. 2B, **P<0.001) respectively.

more in the G0/G1 phase than in other phases compared to
non-treated cells as controls, thereby enhancing anti- prolif-
erative activity in the PC cells (Figure. 2A-B).

To  verify  JOMD-1307  apoptotic  induction,  the

both PC-3 and LNCaP cells by 54.6% and 51.8% respective-
ly  compared  to  the  non-treated  controls  (Figure.  2  C-D,
**P<0.01).  Also,  western  blotting  analysis  revealed

such  as  cleaved  PARP,  cleaved  caspase-8  and  -3,  apop-
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totic-inducing factor (AIF), a mitochondrial apoptotic pro-
tein that induces programmed apoptotic cell death, and p53
expressions  (Figure.  2C-F  *P<0.05;  **P<0.01).  Previous

studies  have  shown that  induction  of  apoptotic  cancer  cell
death is of integral importance to the objective of anticancer
therapy [37-39].

Figure 1:
of JOMD-1307 with increasing concentrations (1 to 20µM) on the viability and proliferation of PC-3 and LNCaP prostate can-

represented in log concentration of JOMD- 1307 was approximately 2.0µM. Cell proliferation was presented as the percentage
of the number of viable cells to that of the control. Each data point shown is the mean ± SD from n=3. (E) Graphical representa-

20µM) compared to PC cell lines.
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Figure: 2.
method for cell cycle arrest on PC cell lines PC-3 and LNCaP treated with JOMD-1307 in triplicate. Graphical representations
showing the various phase ratios of cell cycle arrest when PC-3 and LNCaP cells are treated with the IC50 of the compound for

PC-3 and LNCaP cell lines. (E-F) PC-3 and LNCaP cells were treated with IC50 of JOMD-1307 in triplicate. Graphic representa-
tion of immunoblotting (IB) cell lysates showed induction of cleavage PARP and Caspase-8 and -3, AIF, and p53 expression in

both PC cell lines. Statistical values represent p < 0.001.
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JOMD-1307 increased cellular uptake and heteroge-
neous distribution in PC cells

JOMD-1307  is  water-soluble,  absorbent,  and  has

rescence  which eases  its  detection when transfected on PC
cells. Intracellular internalization and distribution were per-

ment  concentration  (2.0  µM)  for  72  hrs  in  PC  cells.  It  re-

and heterogeneously distributions of JOMD-1307 in the PC
cell  lines  (PC-3  and  LNCaP  cells),  however,  there  were

centration of the compound in the cytoplasm and the activa-
tion  of  the  mitochondria  protein  AIF  gives  credence  to
JOMD-1307’s  high  mitochondrial  targeting  capacity  in  PC
cells [52-56,60].

Figure 3: JOMD-1307 increased cellular uptake and heterogeneous distribution in PC cells.

of JOMD-1307 treatment concentration (2.0 µM) for 72 hrs

cells  show  cellular  distribution  predominantly  in  the  cyto-
plasm revealing the presence of far-red colorations and the
nucleus  picking  bluish  DAPI  colorations  compared  to  the
untreated cells as controls.

JOMD-1307 decreases Hsp27 expression and interac-
tions and down-regulates its increased transcription
in PC cells

To  elucidate  and  decipher  the  molecular  mech-

and  expression  of  Hsp27  stress-induced  signaling,  and  the

transcription factors c-Myc and HSF-1 involvement in TR-

els  of  Hsp27,  c-Myc,  and  HSF-1,  and  the  interaction  of

treatment concentrations. It revealed suppression of Hsp27
and c-Myc expressions in PC cells  (LNCaP and PC-3) in a

tion  in  concentration  (2.0µM)  (Figure.  4A-B).  Also,  there

tion  protein  HSF-1  in  PC  cells  (Figure.  4C).  While

tions (PPIs) of Hsp27 and c-Myc, and Hsp27 and HSF-1 in
PC cells with equal protein extract concentrations for analy-

ing co- immunoprecipitation (co-IP) assay (Figure.  4D-G).

p < 0.0001 (Figure. 4H).
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Figure 4: JOMD-1307 decreases Hsp27 expression and interactions and down-regulates the increased transcription in PC cells.

for 72 hrs on PC-3 and LNCaP cells using western blotting analysis to analyze the expression levels of Hsp27 and c-Myc, Graph-
ical representation of results shows Immunoblotting (IB) cell lysates with the respective antibodies the level of inhibitory im-
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found at 2.0µM concentration on PC-3 and LNCaP cells. (C) PC-3 and LNCaP cells were treated with JOMD-1307 treatment

tions (2.0µM) in triplicate for 72 hrs on PC cell lines (PC-3 and LNCaP cells) using co- immunoprecipitation (co-IP) assay to
analyze the interaction levels of Hsp27/c-Myc, and Hsp27/HSF-1 respectively, Graphical representation of results shows Im-

JOMD-1307 treatment concentration (2.0 µM) for 72 hrs.

action  from  these  results  suggests  its  ability  to  disrupt  PC
cell  division  and  induce  apoptotic  cell  death  via  inhibiting
Hsp27 stress-induced signaling pathways, responsible for its
expression and interactions with the partner and transcrip-
tional proteins that are involved in the downstream signal-
ing  pathways  responsible  for  TRPC cell  progression which

the  transcription  factors  c-Myc  and  HSF-1,  which  impairs
the  elevated  transcription  and  phosphorylation  of  Hsp27
[17,23,24,27,32,33,61]. Interestingly, JOMD-1307 can inter-
calative bind to the nonpolar interior of the DNA helix and
the  single-stranded  polyadenylic  acid  (poly-A),  to  inhibit
and impair the mRNA-poly- A over-synthesis of target sur-

indicates  that  JOMD-1307  could  downregulate  the  Hsp27

processes. Also, previous studies have shown the inhibition
of Hsp27 stress-induced signaling oncogenic functions will

their  increased  transcription  respectively  in  CRPC  cells

could  stimulate  the  apoptotic  proteins'  upregulation  to  in-
duce apoptotic PC cell death [29,64,61,67,35,68,32,23,33].

JOMD-1307 delays CR prostate tumor growth in pre-
clinical  mouse models triggers apoptotic induction,

fect on delaying tumor (PC) growth and preclinical analysis
of  disrupting the  survival  proteins  interaction,  and expres-
sion involved in angiogenesis in tumor growth. An in vivo
experiment  was  conducted with six-  weeks-old male  Bal-C
Nude  mice  inoculated  with  an  androgen-independent  PC
model  (PC-3)  to  form  90  to  100mm3  tumor  growth,  and
treated with JOMD-1307 concentrations (2mg/kg) for four

weeks of JOMD-1307-treated mice compared to the control

growth in JOMD-1307 treatments compared with the con-

JOMD-1307 in delaying PC growth. Also, the ex vivo analy-
sis  with  western  blotting  using  extracts  from  JOMD-1307-

cant  inducement  of  the  apoptotic  cascade  (cleaved  PARP,
and  cleaved  caspase-8  and  -3  expressions)  (Figure.  5B).  In
addition,  Ki  67  cells  proliferation  analysis  using  the  im-

Docetaxel  treatments  compared  to  the  control,  which  re-

treatment  with  JOMD-1307  compared  to  the  controls  as

potentiate JOMD-1307 as an improved and promising che-

the sensitivity of CRPC cells to treatment [56,69-71].
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Figure 5:
cantly reduces proliferating tumor cells. An in vivo experiment was conducted with inoculation of androgen-independent PC

positive control Docetaxel treatment concentration (2mg/kg) twice a week for four weeks on nine (9) mice for each group

sis using western blotting for apoptotic protein expression, and the use of Ki67 proliferation testing to determine proliferating

duction of apoptotic cascade (cleaved PARP, cleaved caspase-8 and -3 expressions) by JOMD-1307 treatments compared to the

cant reduction of proliferating cells in JOMD-1307 treatments compared to the control.

Discussion

Progression of PC, especially in the case of CRPC

been a huge menace that needs urgent intervention [72-74].

progression  are  multifactorial  and  complex,  and  there  are
metabolic changes in the expression of survival genes to reg-
ulate apoptosis [24,75-77]. Moreover, targeting these survi-

val genes and the signaling pathways responsible for CRPC
progression is pivotal for clinicians and drug developers to
improve  anticancer  therapy  for  PC  progression.  However,
several  therapeutic  approaches  and  trials  have  been  ap-
proved to target and inhibit these genes to treat PC progres-
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small molecule- based drugs in combination with other an-
ti-PC therapies. Nano-vehicles for anti-PC therapy delivery

Nanoparticles  are  promising  tools  for  improving  cellular
and molecular anticancer drug delivery to inhibit advanced

hibit PC cell growth [88-90]. In addition, theranostic nano-

far-red  and  photodynamic  therapeutic  (PDT)  properties,

targeting causing cellular stress and can interact with cancer
cell genomic molecules to disrupt survival gene synthesis in
cancer cells leading to apoptotic cell death [50,52-57,60].

JOMD-1307 was elucidated in the project. JOMD-1307 has
improved therapeutic functions and robust anticancer prop-
erties,  that  have  been well  characterized  and can form mi-
celle  in  increased  volume  when  transfected  to  cancer  cells

uptake and heterogenous distribution in cancer cells, due to
its high solubility, and, the ability to easily attach and pene-
trate cancer cell membranes than non-cancerous cells, with

ministration, making the JOMD-1307 a promising theranos-
tic  nanoparticle  agent  to  be  considered  for  cancer  therapy
[92-95].  Studies  have  shown most  analogs  that  possess  the
planar  phenazine  ring  are  mitochondrial  targeting  such  as

ese anticancer properties may have JOMD-1307 to be used
as a multifaceted anticancer agent, functioning as a diagnos-
tic  agent,  photodynamic  (PDT)  agent,  and  chemotherapy

cells.

as an anticancer agent to inhibit CRPC cell invasiveness was
investigated on in vitro analysis to determine its anticancer

(Figure. 1), and disrupts PC cell division, through apoptotic

rupt  cellular  functions  in  PC  cells  by  its  ability  to  regulate
PC cell growth, through disrupting cell cycle and induce of

prostate cells in a relative amount of the half- maximum in-
hibitory  concentration,  which  gives  credence  to  previous
studies [98-101]. Moreover, apoptotic cancer cell death has
been regarded as one of the ultimate goals of anticancer ther-
apy to cause cell death, considering the blockage of the apop-
totic pathway leading to apoptosis resistance in CRPC cells

drug  developers  seek  improved  chemotherapy  agents  that
can  induce  cancer  cells  to  be  susceptible  to  apoptotic  cell
death,  because  apoptotic  inducement  is  of  integral  impor-
tance  in  the  studies  of  conventional  drugs  to  use  as  anti-
cancer  therapy  [98-104].  Meanwhile,  JOMD-1307  cellular
uptake and heterogenous distribution in PC cells with high

ized  in  the  cytoplasm  of  the  PC  cells  (Figure.  3),  which
suggests  JOMD-1307 mitochondrial  targeting  capacity  and
PDT  presence  of  far-red  emission  that  can  cause  cellular
stress (ROS), gives its multifactorial therapeutic ability to de-
lay  CRPC  cells  growth  [50,53,55,60].  In  addition,  survival
proteins mostly Hsp27 via the alternative signaling pathway
are  involved  in  cellular  survival  signaling  pathways
(P13K/AKT/mTOR and MAPK) associated with TRPC and

stress-induced signaling pathways (cytoprotecting and inter-
action  with  the  partner  proteins  from  undergoing  protea-
some degradation), thus hinders apoptotic cell death and in-
duce  cellular  survival  in  CRPC  (PC)  cells  progression
[23,25,30,32,105,106].  Interestingly,  JOMD-1307  could  in-
hibit the expressions and interactions of Hsp27 with the c-
Myc  transcription  function,  and  the  Hsp27  transcription
protein  HSF-1  in  PC  cells  (Figure.  4).  Moreso,  the  inhibi-
tion of increased transcriptional regulation, expression, and
interactions  of  Hsp27  stress-induced  signaling  in  PC  cells,

the  Hsp27  stress-induced  signaling  pathways  dysregulates
the cellular downstream signaling pathways involved in the
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stimulation  of  TRPC  cell's  survival,  therefore  bringing
about treatment sensitivity of CRPC progression [109-111].

ly delay tumor growth in an in vivo experiment on PC pre-

duction of apoptotic proteins (Figure, 5B) and from the ex

decrease of proliferating cells in treated tumor model (Fig-

JOMD-1307 impairing the angiogenetic-mediated pathways
involved in prostate tumor growth [16,109,112-114].

agent  that  can  target  and  distort  the  mitochondria  func-
tions,  disrupt  survival  protein  Hsp27  oncogenic  functions
and the downstream signaling pathways, to disrupt PC cell
division,  and  induce  apoptotic  cell  death  to  inhibit  CRPC
cell and tumor growth (Figure. 6). In addition, the structu-

JOMD-1307 to mitigate CRPC cell invasiveness, propose its
use as a single drug, thus can also be used for combination
therapy  with  FDA-approved  drugs  used  for  PC  treatment:
e.g. Niraparib, Apalutamide, Cabazitaxel, Enzalutamide, etc

compatibility  is  considered  and  possible  multidrug  resis-
tance  (MDR)  is  controlled.

Figure 6: Schematic representation of JOMD-1307 anticancer therapeutic activities inside PC cell: 1). JOMD-1307 could target
the mitochondria, cause cellular stress (ROS production), activate the production of mitochondria AIF and induce apoptotic
cascade (cleaved PARP, and Caspase-8 and -3), thereby causing apoptotic PC cell death. 2). JOMD-1307 impairs the c-Myc

transcriptional factor to amplify and regulate, and the increased HSF-1 transcription for the upregulation of the expression of

the high supply of cellular energy (i.e. ATP) demanded for increased phosphorylation of Hsp27 expression, which leads to a re-
duced level of phosphorylated Hsp27 (p-Hsp27) in the PC cell, and studies have shown that non-phosphorylated Hsp27 has re-

old-

regulates p53 to induce apoptotic PC (CRPC) cell death.
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Figure 7: Schematic representation showing JOMD-1307 synthesized with DOTAU nucleolipids (DOU- PEG-2000) as a nano-
 re-

spectively.

Conclusion

cytoplasmic  cellular  permeability,  and  distribution  in-

be considered an improved promising chemotherapy agent
to prevent TRPC cell progression and restore CRPC cell sen-
sitivity  to  cancer  treatment.  However,  recommended clini-
cal  trials  would  be  considered  for  future  elucidation  of

vasiveness.
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