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Abstract
Background: CRISPR/Cas9 is a recently explored genomic editing system that has greatly altered the technique that scientists study genes
and their functions in mammalian systems. Cas9 is regulated via guide RNAs that match the targeted DNA in cleavage to modify the
respective gene. The incessant advancement in prostate cancer (PC) modeling has directed not only to innovate resources of recognizing the
signaling pathways overriding prostate cell carcinoma, but it has also created a vast reservoir for complementary tools to examine therapies
counteracting this type of cancer. Various cultured somatic rat models for prostate cancer have been produced that nearly resemble human
prostate cancer. Nano-medicine can passively target cancer cells via the enhanced permeability and retention phenomenon or by conjugation
with speci�c ligand, contributing to reduced systemic side-effects and increased e�cacy. This article highlights the utilization of PEG-targeted
liposomal loaded nano-medicine for potential treatment of prostate cancer and clari�es the CRISPR/Cas9 variation accompanied with
prostate cancer.

Methods and Results: PC is induced experimentally in western rat model via a diet containing 0.75 ppm of ethinyl estradiol for 3 weeks and a
single SC. injection of 50 mg/kg body weight of 3,2'- dimethyl-4-aminobiphenyl estradiol (3,2'-DAE) followed by treatment via PEG-2000
targeted liposomal-coated compounds such as PEG-liposomal dexamethasone, PEG-liposomal doxorubicin and PEG-liposomal curcumin (3
mg/kg IP) for four weeks in a comparative study to their non-targeted analogue dexamethasone, doxorubicin and curcumin. 3, 2'- dimethyl-4-
aminobiphenyl estradiol elicit prostate cancer in western rats within 5 months. Simultaneous supplementations with these liposomal
compounds in�uence on prostate cancer; tumor markers were investigated via prostate-speci�c antigen (PSA) and CRISPR/Cas9 gene editing.
Several long non-coding RNAs have been indicated to be deregulated in prostate cell carcinoma, including MALAT1. On the other hand, gene
expression of apoptotic biomarkers focal adhesion kinase (AKT-1), phosphotidyl inistol kinase (PI3K) and glycogen synthase kinase 3 (GSK-3)
was also investigated and further con�rming these results via histopathological examination.

 Conclusion: PEG-liposomal loaded dexamethasone, doxorubicin and curcumin can be considered as promising therapeutic agents for
prostate cancer via modulating CRISPR/Cas9 gene editing and long non coding gene MALAT1.

Introduction
Cell carcinoma still remains unbeaten in the history of mankind via yearly mortality rate of over thousands worldwide. Consequently, novel
techniques of struggling cancer are developing from countless researchers is being done all over the world. PC is de�ned as the unrestrained
growth of malignant cells that starts in stromal cells that line the prostate.

Growing evidence declares that PC is the most extensively spread male cancer and contributes to the second contributing cause of mortality
worldwide [1]. Early prognosis, paves the way for radiotherapy, prostatectomy and convenient therapy. Bone metastases are prevalent in
nearly 95% of patients with advanced PC, and in this late stage, no curative therapeutic option is accessible, stressing the requirement of new
treatment options. In early and late cancer stages, tumor cells thoroughly intermingle via several cell kinds and the extracellular matrix
creating the stromal compartment. It is widely recognized that tumor-associated in�ammation plays a pivotal role in several stages of cancer
metastasis, carcinogenesis, and dissemination [2], and multiple types of in�ammatory cells have been described to contribute to prostate
carcinogenesis [3]. Neoplastic cells may activate various types of stromal cells and, conversely, activated stromal cells to release additional
growth factors, that later enhance cancer cell invasion and proliferation [4]. Relying on tumor stimulating growth nature of pro‐in�ammatory
stromal cells, interfering with tumor‐associated in�ammation affords a promising, yet underexplored, approach to combat cancer [5]. For this
purpose, glucocorticoids (GC) [6], such as dexamethasone (DEX), are greatly promising anti‐in�ammatory therapeutic agents that are
commonly used additive in chemotherapy for soothing purposes in PC treatment. Strikingly, it has remained unclear whether GC indeed
confers an additional therapeutic bene�t by modulating tumor‐associated in�ammation. It has been speculated that high tumor
concentrations of GC are needed to achieve such a speci�c anti‐tumor effect [7]. Clearly, such tissue concentrations can only be achieved by
large and subsequent GC dosing, which inevitably entails the well‐known range of detrimental GC‐related side effects, providing a possible
explanation for their limited use in cancer therapy [6, 8].

Traditionally, cancer remedy involves radiology, surgery and chemotherapeutic drugs as DEX, cisplatin and DOX. Nevertheless, DEX and DOX
mostly face the obstacle of reduced intake. To improve the stability and to co- deliver these drugs slowly into the target system, methoxy
poly(ethylene glycol)-poly(ε-caprolactone) (MPEG-PCL) micelles loaded with dexamethosone and doxorubicin (Dex-Dox/MPEG-PCL) was
previously investigated, which enhanced antitumor responses in PC model [9].

Through the latest few eras, PEG-targeted liposomal medicine has developed an evolving remedial regimen. Countless tumors are categorized
via limited vasculature and reduced lymphatic drainage. Speci�cally designed long‐circulating liposomes have the ability to extravagate and
slowly accumulate in tumor tissue after intravenous administration which is commonly referred to as the enhanced permeability and retention
effect [10]. The abundance of tumor associate macrophages and their e�cient phagocytizing capacity provide the rationale for the utilization
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of liposomes for the effective delivery of anti‐in�ammatory drugs to the supportive tumor microenvironment. Liposomes usually decrease
healthy cells exposure to the encapsulated drug, which can signi�cantly reduce the toxicity of the therapeutic agent. These features
consequently rationalize the utilization of long‐circulating liposomal medicine in cancer treatment, as exempli�ed by liposomal doxorubicin
[11]. For prostate cancer, anti‐tumor responses of liposomal cytotoxic drugs were observed in several relevant preclinical models in vivo [12]
and in clinical studies [13]. Long‐circulating liposomal delivery of GC is a therapeutic strategy that is under development for immunological
diseases and has proven a promising effect against arthritis and cancer model [14] and preclinical models of cancer [7, 15]. Unfortunally, PEG
loaded liposomal Glucocorticoids was not yet used in clinical prostate cancer investigations. Herein, the e�cacy of PEG 2000-loaded
liposomal DEM, DOX and CR versus their free liposomal analogue in rat prostate cancer model was investigated. Furthermore, the
pharmacokinetic pro�le and toxicology of PEG-loaded liposomal DOX, DM and CR was established [16]. CR limited breast cancer metastasis
to lung tissue contributing to reducing MMP-9, survivin, NF-κB, and cyclooxygenase [17] and STAT1 activation, thereby inhibiting cancer
growth and inducing apoptosis in A549 and H1299 cells [18]. CR enhanced the cell proliferation inhibitory activity and augmented the
apoptotic activity of cisplatin (DDP) in DDP-resistant prostate adenocarcinoma cells [19].

The aim of the current study is to investigate the therapeutic index of PEG-2000 loaded liposomal dexamethasone, doxirubicin and Curcumin
against ethinyl estradiol induced prostate cancer via monitoring novel prognostic and diagnostic tools including long non coding genes as
MALAT and CRISPR/Cas 9 genomic editing in addition to some molecular pathways including AKT, PI3K and GSK-3.

Materials And Methods
Chemicals:

PEG 2000-Liposomal doxorubicin, PEG 2000-liposomal dexamethasone, PEG 2000-liposomal curcumin, doxorubicin, dexamethasone and
curcumin were purchased from Sigma-Aldrich Co (St. Louis, MO, USA). RT-PCR kits of PI3K. AKT and GSK3 were provided from Qiagen USA.
ELISA kits for prostate speci�c antigen (PSA) were obtained from R & D systems (MN, USA) and long non coding RNA (MALAT1) kits were
provided from Qiagen USA. All other chemicals were of the highest analytical grade.

Preparation of liposomal nanoparticles:

Liposomes for therapeutic purposes are manufactured using lipids, cholesterol and drug in a speci�c ratio. Functional groups are generally
covalently bound to PEG which is normally 5% mol/mol of the total lipid [20]. To ensure a homogenous mixture of the liposome formulation,
tertiary butanol or cyclohexanes: methanol was used as solvents. After freezing completely, the frozen lipid cake was placed on a vacuum
pump and lyophilized until dry. Dry lipid �lms or cakes were then be hydrated to obtain onion-like multilamellar vesicles (MLV). Small
unilamelar vesicles (30–100 nm) was obtained by sonication or extrusion of MLV [21]. When injected in tumor-bearing mice, liposomes
loaded nanoparticles was distributed in the prostate.

Animals and treatments

Sixty four male Western Albino rats weighing 170-190 g (6-8 weeks) old, from the animal house of National Research Center will be used in
this study. Animals will be kept at standardized conditions (22 ± 5°C, 55 ± 5% humidity, and 12 h light/dark cycle). They will be allowed free
access to water and pelleted standard chow diet. All procedures relating to animal care and treatments strictly will adhere to the ethical
procedures (12020206) and policies approved by Animal Care and Use Committee of National Research Center, and US National Institute of
Health. 

Experimental Design

1 week post acclimatization, animals will be randomly divided into eight groups (8 rats each) and was divided according to the following
schedule: 

Group1: Animals received saline and served as control group.

Group 2: prostate cancer induced experimentally in rats via a diet containing 0.75 ppm of ethinyl estradiol for 3 weeks and a basal diet for 2
weeks alternately 10 times, and 2 days after each change to basal diet, a single SC. injection of 50 mg/kg body weight of 3,2'- dimethyl-4-
aminobiphenyl estradiol (DAE) respectively as prostate cancer model [8]. Rats were kept for 8 months till the incidence of prostate cancer then
were treated as follows: 

Groups 3:  Intoxicated group was treated with PEG-liposomal carried doxorubicin in a dose of (3 mg/kg BW) IP for 1 month post prostate
cancer induction via DAE [22]. 
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Groups 4:  Intoxicated group was treated via doxorubicin in a dose of (5 mg/kg BW) IP for 1 month post prostate cancer induction [22].

Groups 5: Intoxicated group was treated viaPEG-liposomal carried dexamethasone in a dose of (3 mg/kg BW) IP for 1 month [22]. 

Groups 6: Intoxicated group was treated via dexamethasone in a dose of (5 mg/kg BW) IP for 1 month post prostate cancer induction [22].

Groups 7: Intoxicated group was treated via PEG-liposomal carried curcumin in a dose of (3 mg/kg BW) IP for 1 month [22]. 

Groups 8: Intoxicated group was treated via curcumin in a dose of (5 mg/kg BW) IP for 1 month [22].

1. Blood sampling and tissue preparation

At the end of the experimental period, rats were weighed, slightly anesthetized via light ether and blood samples were collected from the
sublingual vein. Sera was separated by centrifugation at 4000 rpm for 10 min and was kept at − 80 °C for subsequent estimation of
biochemical and molecular analysis. 

Animals were then sacri�ced via cervical dislocation and prostate tissue was carefully separated, and then divided into portions. The �rst
portion was homogenized in 4 volumes of phosphate buffer, pH 7.4, using Te�on homogenizer (Glass-Col homogenizer, Terre Haute, USA). An
aliquot of this homogenate (20 % w/v) was centrifuged at 4000 rpm at 4 OC for 15 min and the supernatant was used for ELISA
determination. The second portion of the prostate was used for RT-PCR, long non coding RNA estimation. The remaining portion was kept in
10% formaldehyde, and then embedded in para�n for subsequent histopathological examination.

2. Measured biochemical parameters

Prostate cancer tumor markers:

The activity of prostate speci�c antigen (PSA) was assayed using ELISA kits (R &D systems MN, USA). The assays estimated the quantitative
sandwich enzyme immunoassay technique. Speci�c antibody was pre-coated onto the microplate. The standards and samples were pipetted
into the wells and PSA was bound by the immobilized antibody and the absorbance was read at 450 nm [23].                                                        
   

mRNA gene expression of  prostate AKT, PI3K and GSK-3:                                                         

Target gene expression analysis will be detected using real-time PCR according to speci�c forward and reverse primer for AKT, PI3K and GSK-
3. Firstly, total RNA was be extracted from prostate tissue,  samples using SV total RNA isolation system (Promega, Madison, WI), then
extracted RNA was reverse transcribed into cDNA and ampli�ed by PCR using RT-PCR kit (Stratagene, USA). Reactions was performed in a 50
µL �nal volume (25 µL SYBR Green Mix (2x), 0.5 µL cDNA, 2 µL primer pair mix (5 pmol/µLeach primer), 22.5 µL H2O). PCR reaction will be as
follows: 50oC for 2 min, 95oC for 10 min  and 95oC for 45 to 60 oC for 30 s  and 72oC for 30 s  then 72oC for 10 min  [23].

Long non coding gene analysis for MALAT1 

Large number of long noncoding RNAs are functional and, through regulatory mechanisms, are involved in carcinogenesis processes. Several
long noncoding RNAs have been reported to be deregulated in prostate carcinoma, including MALAT and PCAT-1, and the prostate cancer
gene 3 (PCA3).The PCA3 gene, initially called Differential Display Code 3 [25] described a strong over-expression of PCA3 gene in prostatic
tumors compared with normal prostate tissue. PCA3 gene is inserted in the intron of a second gene, MALAT which is implicated in the control
of oncogenic transformation, and it has been proposed that PCA3 regulates MALAT levels through the formation of a double-stranded RNA.
The mRNA PCA3 was measured using quantitative real-time polymerase chain reaction (qRT-PCR) in a urine sample obtained after a prostate
massage in order to obtain the maximum amount of prostatic cells. This measurement must be performed simultaneously with the mRNA of
PSA gene, which has a similar expression in cancerous and benign cells. Thus, a PCA3 score based on the ratio of PCA3 mRNA to PSA mRNA
can be determined. The Progensa PCA3 test, currently commercialized by Hologic, is a semiautomated assay that includes isolation,
ampli�cation, hybridization, and quanti�cation of PCA3 and PSA mRNAs using the DTS systems.

MALAT1 was over-expressed in human cancers, including prostate, breast, pancreas, colon, and liver cancers. In prostate cancer, MALAT1
over-expression was associated with indicators of poor prognosis such as high Gleason score, higher tumor‐node‐metastasis stage and
serum PSA >20 ng/mL and its expression was signi�cantly higher in CRPC than in hormone‐sensitive prostate cancer. In a study comparing
the expression of MALAT1 in urinary samples of biopsy‐positive and biopsy‐negative prostate cancer patients, this lncRNA was signi�cantly
higher in biopsy‐positive samples, suggesting that urinary MALAT1 may be a promising diagnostic biomarker [26]. 

CRISPR/Cas9 guide RNA design and plasmid construction
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Target sequences of miR-205, miR-221, miR-455-3p, miR-222, miR-224, miR-505, miR-23b, miR-30c, miR-1225-5p and miR-663a for CRISPR
interference was designed. Taking miR-205 as an example (Gene ID406988: The gene sequence 5′-
AAAGATCCTCAGACAATCCATGTGCTTCTCTTGTCCTTCATTCCACCGGAGTATACCCAACCAGATTTCAGTGGAGTGAAGTTCAGGAGGCATGGAGC-
3′ was retrieved and downloaded from GeneBank and the sgRNA was designed by Zhang lab using Target Finder (version 2014, and DNA 2.0
gRNA. A total of four optimal target sequences for each miRNA were selected and four scramble sequences were used as controls.
Subsequently, two complementary oligonucleotides with Bbsl restriction sites for gRNAs was synthesized and cloned into CRISPR/Cas9
lentiCRISPR-v2 vector (cat. no. 52961; Addgene, Inc.) by HYYMed Company using T4 DNA ligase (cat. no. D2011B; Takara Biotechnology Co.,
Ltd.) [27].

Histopathological examination: 

The prostate tissue was embedded in para�n blocks, and then sliced into 5 μm in thickness. After hematoxylin–eosin (HE) staining, the slides
were observed under optical microscope [28].

Statistical analysis: 

Results were expressed as mean ± standard error mean (SEM) and was carried out by one-way analysis of variance (ANOVA) test at p < 0.05.

Results

Modulation of prostate cancer biomarker
Ethinyl estradiol revealed a signi�cant elevation in prostate cancer biomarker PSA. Meanwhile treatment with PEG-liposomal loaded
dexamethasone, doxorubicin and curcumin as well as their non-targeted analogue signi�cantly modulated PSA with liposomal curcumin
revealing the most signi�cant impact (Fig. 1).Revealing prostate cancer induction.

Modulation of cell survival biomarkers
Herein, ethinyl estradiol elucidated a signi�cant up regulation in PI3K, AKT as well as asigni�cant down regulation in GSK3 gene expression.
Meanwhile treatment with PEG-liposomal dexamethasone; doxorubicin and curcumin as well as their non-targeted analogue signi�cantly
modulated these deviated genes with the superiority of PEG-liposomal curcumin in this �eld (Fig. 1).

Modulation of CRISPER genome editing
Herein, ethinyl estradiol deduced a signi�cant elevation in CRISPER genome editing. Meanwhile treatment with PEG-liposomal
dexamethasone, doxorubicin and curcumin as well as their non-targeted analogue signi�cantly modulated this deviated gene with liposomal
curcumin revealing the most signi�cant impact (Fig. 1).Re�ecting the bene�cial role of GRISPER gene as a prognostic tool for prostate cancer
progression.

Modulation of long non coding RNA ( Lnc MALAT )
Figure 2, declared that ethinyl estradiol deduced a signi�cant up regulation in long non coding gene MALAT-1. Meanwhile, treatment with PEG-
liposomal dexamethasone; doxorubicin and curcumin as well as their non-targeted analogue signi�cantly modulated this non coding gene
with PEG-liposomal curcumin revealing the most signi�cant impact. Sparkling Lnc-RNA (MALAT-1) as a prospective prostate cancer
biomarker.

Histopathological examination
3- estradiol group showed massive number of desquamated lining epithelium in the acinar lumen associated with thickening in the interacinar
stroma. There was cystic dilatation in the acinar lumen with thin lining epithelium. Meanwhile, group of rats experimentally inducted and
treated by PEG-Liposomal dexamethasone showed mild hyperplasia with polyps formation in the lining acinar epithelial cells. Further, group
of experimentally inducted rats and treated by PEG-Liposomal curcumin, the acinar lumen showed cystic dilatation associated with
eosinophilic secretion in the lumen. In addition, group of experimentally inducted rats and treated by PEG-Liposomal Doxirubicin : There was
no histopathological alteration (Fig. 3).

Discussion
PC commence when normal cells change strangely to malignant cells. Certain PCs develop steadily and are symptomless for years while
others develop quicker and are more aggressive. Biopsy is the only tool that can predict the degree of cancer. Nevertheless, there are
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numerous novel biomarkers and genomic analysis accessible which can help in determining if the cancer will be aggressive or not. PC is the
utmost widely spread type of cell carcinoma and the second contributing reason for cancer deaths in males [16].

Herein, the e�cacy of PEG-liposomal loaded DEM, DOX and CR versus their free non-liposomal analogue in rat prostate cancer model was
investigated.

Herein, ethinyl estradiol deduced a signi�cant elevation in GSK3, PI3K and AKT gene expression. In the meantime, PEG- liposomal
dexamethasone; doxorubicin and curcumin administration signi�cantly modulated these deviated genes with liposomal curcumin revealing
the most signi�cant impact. This accord with the postulate that Akt-1 contributes to increased cell proliferation, survival and glucose
metabolism [29, 30]. Activation of the Akt pathway depends on the frequency and duration of PIP3 availability at the plasma membrane. PIP3
is responsible for the phosphorylation of Akt by 3-phosphoinositide-dependent kinases [31]. PI3K can convert PIP2 into PIP3. This takes place
post the activation of a tyrosine kinase receptor via binding of IGF-1 (insulin-like growth factor-1) to IGF-R (insulin-like-growth-factor receptor).
Activation of Akt by phosphorylation requires binding of Akt, PDK1 and PDK2 to PIP3 [32, 33]. pAkt (activated phosphorylated Akt) results in a
cascade involving various downstream signaling proteins [34]. A high level of pAkt is correlated with poor prognosis of prostate cancer,
whereas in normal prostate tissue, pAkt is undetectable [35]. Activated Akt inhibits GSK3β (glycogen synthase kinase 3β), that prevents the
up-regulation of cell proliferation contributed to enhanced cyclin D1 degradation. On the other hand, limitation of GSK-3β noticeably releases
free β-catenin from degradation in PC [36]. β-catenin usually deeds as a bridge alongside the cytoskeleton in cell-to-cell junctions and the
cadherin motifs. Additionally, increased β-catenin can join and stabilize cyclin D1 mRNA, contributing to increased expression that enhances
G1-phase/S-phase progression. Cyclin D1 expression marks progression of cells into the early G1(growth) phase [24]. Elevated cyclin D1
production enhances cell-cycle progression even in androgen- or serum-deprived cells, a trait of neoplastic transformation in the prostate [37].
The hidden mechanism of such involvement of cyclinD1 in cancer contributes to its accumulation and the consequent elevation in
cyclin/Cdk4 (cyclin-dependent kinase 4) complex that enhances G1/S progression [24].

Herein, ethinyl estradiol deduced a signi�cant elevation in CRISPER gene editing. Meanwhile treatment with PEG- liposomal dexamethasone,
doxorubicin and curcumin signi�cantly modulated this deviated gene with PEG-liposomal curcumin revealing the most signi�cant impact.
This coincides with the hypothesis that CRISPR-associated protein 9 (Cas9) is an enzyme which utilize CRISPR sequences as a guide to
identify and slice speci�c DNA strands that are corresponding to CRISPR sequence. CRISPR sequences collected with Cas9 enzymes form the
foundation of a technology recognized as CRISPR-Cas9 that can be used to edit genes within organisms [38]. This editing process is widely
applicable in development of biotechnological products, fundemental biological research and handling of diseases [39]. Removal of ERβ gene
from mouse genome utilizing CRISPR–Cas9 technique deduces that ERβ regulates ventral prostate growth and acts as a tumor suppressor
gene [40]. PC has also unique miR expression pro�les that are the basis for the functional study of miRNA in PC [41]. About 37 miRNAs were
reduced and 14 were reduced in PC tissues compared with benign tissues. A previous study obtained differential expression data of miRNAs
in PC determined by miRNA microarray analyses and reported that 11 miRNAs were up regulated and 17 miRNAs were down regulated in PC
[41]. However, these previous gain-of-function studies did not include loss-of-function analyses using miRNA knockout and applying the
clustered regularly interspaced short palindromic repeats (CRISPR) and CRISPR-associated (Cas) 9 system, that can e�ciently defeat gene
expression in vivo and in vitro [42]. CRISPR is a novel explored genome editing system that has distinctly altered the way that researchers
study genes and their functions in mammalian systems [43]. It is derivative of CRISPR/Cas bacterial-acquired immune system and Cas9 is
directed by guide (g) RNAs, which match the DNA targeted in cleavage to modify the respective gene. To classify rapidly the differential
functions of miRNAs, which were identi�ed through miRNA expression pro�ling in PCa [42], the CRISPR/Cas9 system was used to knockout
PCa-related miRNAs, including miR-222, miR-221, miR-455-3p, miR-205, miR-224, miR-663a, miR-505, miR-23b, miR-30c and miR-1225-5p in
LNCaP cells [44].

Herein, ethinyl estradiol deduced a signi�cant up regulation in long non coding gene MALAT-1. Meanwhile, treatment via PEG-liposomal
dexamethasone, doxorubicin and curcumin signi�cantly modulated these deviated genes with liposomal curcumin revealing the most
signi�cant impact. Previously, evidenced that a huge amount of long non-coding RNAs are functional and, through regulatory mechanisms,
are involved in carcinogenesis processes. Novelty, several long non-coding RNAs were explored to be deregulated in PC, including MALAT-1
PCGEM, PCAT-1 and PCA3 prostate cancer gene. [45] elucidated an exaggerated up regulation in PCA3 gene in PC. PCA3 is placed in the
intron of another gene called PRUNE2, that regulates oncogenic transformation, and it has been postulated that PCA3 regulates PRUNE2
levels via creating double-stranded RNA [46, 47].

Outdated cancer treatment embraces radiology, surgery and chemotherapeutic drugs as DOX, cisplatin, and dexamethasone. Nevertheless,
DEM and DOX frequently aspect the obstacle of fewer intake. To enhance the stability and to co- deliver these drugs slowly into the target
system, methoxy poly(ethylene glycol)-poly(ε-caprolactone) micelles loaded with DEM and DOX (Dex-Dox/MPEG-PCL) was explored, which
improved antitumor responses in prostate cancer model [9].
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Conclusion
In particular, CRISPR-Cas9 gene editing and long non-coding RNAs approaches are in great demand for the assessment of prognostic and
diagnostic tool for cancer progression, therapeutic e�cacy and safety margin of targeted and non-targeted drugs that might be useful as
drugs for treatment of prostate cancer. Further, we are in pressing need to such new technology “Targeted nano-medicine” to target speci�c
organ associated with cancer without harming normal tissues, so they are within the scope of nano-biotechnology. By combining
nanotechnology with the newly developing technology long non-coding RNAs CRISPER genome editing in this research, we could achieve the
new effective and productive drugs against prostate cancer.
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PEG-targeted liposomal medicine is an evolving therapeutic strategy. Several tumors possess poor vasculature and limited lymphatic
drainage. Speci�cally designed long‐circulating liposomes have the ability to extravagate and slowly accumulate in tumor tissue after
intravenous administration which is commonly referred to as the enhanced permeability and retention (EPR) effect [48]. The abundance of
tumor associate macrophages and their e�cient phagocytizing capacity provide the rationale for the use of liposomes for the e�cient
delivery of anti‐in�ammatory drugs to the supportive tumor microenvironment. Liposomes typically reduce the exposure of healthy tissues to
the encapsulated drug, which can signi�cantly reduce the toxicity of the therapeutic agent. These characteristics therefore justify the use of
long‐circulating liposome drugs in the treatment of cancer, as exempli�ed by liposomal doxorubicin (i.e., Doxil/Caelyx) [11]. For prostate
cancer, anti‐tumor responses of liposomal cytotoxic drugs were observed in several relevant preclinical models in vivo [12] and in clinical
studies [13]. Liposomal loaded drug delivery of GC is a therapeutic strategy that is under development for autoimmune and cancer diseases
[14] and preclinical models of cancer [7, 15,16].

CR revealed reduced metastasis of breast cancer to the lung due to a reduction in the expression of GSK-3, MMP-9, NF-κB, and COX [17]. CR
has been shown to down regulate STAT1 activation, thereby inhibiting cancer growth and inducing apoptosis in H1299 and A549 cells [18].
CR augmented the cell proliferation inhibitory activity and promoted the apoptotic activity of cisplatin (DDP) in DDP-resistant prostate
adenocarcinoma cells [19].

Well-thought-out as a harmless, anti-in�ammatory and antioxidant, CR possess multifaceted therapeutic and pharmacologic effects. CR has
not only merged its utility as a therapeutic and preventive agent versus cancer but also has paved way for its utility as an anti-in�ammatory
agent to defeat in�ammation and ROS. The targets of CR include an array of molecules such as enzymes, cytokines, growth factors and their
receptors, and even proteins that act as regulators of apoptosis and cell proliferation [49]. Developing CR-based drug is not facile and the task
of drug development comes to be more challenging due to its limited bioavailability and poor absorption [19]. CR can prevent both cancer
relapse and reduce tumor mass and cancer development [50, 51]. However, in this success story of curcumin, there also lies the fact that the
bioavailability of CR is very poor. To combat this problem, new approaches are being formulated such as production of PEG targeted
liposomal loaded CR. There have also been cases where CR is seen to affect the immune system, thereby decreasing the tolerance to cancer
[18]. CR has been also shown to effect micro-RNAs and other epigenetic modi�ers of the cell thereby reducing the progression of cancer [52].
The discovery of better ways of increasing bioavailability of CR and the pathways by which it alters the epigenetic modi�ers and immune will
not only increase our knowledge but also provide better insights as to how CR can be used as an adjuvant [53]. Nano-liposomes are one of the
most used delivery systems for small molecules, peptides, small and long nucleic acids, and proteins [54]. Nano-liposomes are nanometric
(30–100 nm) versions of liposomes formed by expontaneous self-organization of phospholipids such as phosphatidyl choline, phosphatidyl
serine, phosphatidyl glycerol and phosphatidyl ethanolamine, and cholesterol [55]. Outstandingly, numerous lipids utilized for liposome
preparation are major constituents of naturally occurring bilayers [56]. The major characteristic of liposomal bilayer is their dual polar and
nonpolar areas that allow nonpolar drugs to be emerged in the lipid bilayer or polar drugs to be encapsulated in the central aqueous core [57].
Nano-liposomes have been utilized in biology, medicine, biochemistry, in cosmetics and food manufacture [58]. Nano-liposomes compromise
advantageous properties of increased retention time, low toxicity, ability to modify size, surface and biocompatibility.
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Tables
Table 1:  Sequence of forward and reverse primers of GSK-3 , PI3K, CRISPR and AKT. 

Gene primer

 

GSK-3 5’-GGAACTCCAACAAGGGAGCA- 3’ 

5′ - TTCGGGGTCGGAAGACCTTA-3’

PI3K 5′ -CCA GAC CCT CAC ACT CAG ATCA-3′

5′ -TCC GCT TGG TGG TTT GCT A-3′

 

CRISPR 5′AAAGATCCTCAGACAATCCATGTGCTTCTCTTGTCCTTCATTCCACCGGAGTA-
3’ 5′ TACCCAACCAGATTTCAGTGGAGTGAAGTTCAGGAGGCATGGAGC-3′

 

AKT 5′ -CAT GAA GAG AAG ACA CTG ACC ATG GAAA-3′

5′ -TGG ATA GAG GCT AAG TGT AGA CAC G-3′

 

B-Actin 5′ -TGG AGT CTA CTG GCG TCT T-3′

5′ -TGT CAT ATT TCT CGT GGT TCA-3

 

Figures
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Figure 1

Effect of PEG-liposomal dexamethosone, curcumin and doxorubicin and their non-liposomal analogue on GSK-3, AKT-1, PIK-3 and CRISPER
gene expression post 3- estradiol induced prostate cancer. Β-actin was used as reference gene.

Data are expressed as mean ± S.E.M (n = 10). p ≤ 0.05 value is considered signi�cant. Groups having the same letter are not signi�cantly
different from each other, while those having different letters are signi�cantly different from each other. 



Page 12/13

Figure 2

Impact of PEG-liposomal dexamethosone, curcumin and doxorubicin and their non-liposomal analogue on long non coding gene MALAT post
3- estradiol induced prostate cancer. GAPDH was used as reference gene.

Data are expressed as mean ± S.E.M (n = 10). p ≤ 0.05 value is considered signi�cant. Groups having the same letter are not signi�cantly
different from each other, while those having different letters are signi�cantly different from each other. 
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Figure 3

Histopathological �ndings: [A] group of rats kept as control: There was no histopathological alteration and the normal histological structure
of the acini with cuboidal tall lining epithelium with eosinophilic secretion in the lumen.[B] Group of experimentally inducted rats by
administration of 3- estradiol:

Massive number of desquamated lining epithelium were detected in the acinar lumen associated with thickening in the interacinar
stroma.There was cystic dilatation in the acinar lumen with thin lining epithelium. [C] group of rats experimentally inducted and treated by
PEG-Liposomal dexamethasone: Mild hyperplasia with polyps formation were detected in the lining acinar epithelial cells. [D] Group of
experimentally inducted rats and treated by PEG-Liposomal curcumin: The acinar lumen showed cystic dilatation associated with eosinophilic
secretion in the lumen. [E] Group of experimentally inducted rats and treated by PEG-Liposomal Doxirubicin : There was no histopathological
alteration.


