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Patients with advanced ovarian cancer still live with lack of 
an effective therapeutic solution; recent researchers have found 
nanoparticles to serve as a replacement therapy for advanced ovarian 
cancers. A preclinical test was conducted on mice with ovarian 
tumour using a nanoparticulate delivery method where polymeric 
nanoparticle or B-amino ester (a biodegradable cationic molecule) 
was used to suppress tumor growth by targeting gene expression 
like MSLN and HE4 to tumor cells [1,2]. However, the conundrum 
question arises; how effective the therapy is and what underlying 
mechanism makes it better than other available standard therapeutic 
paradigm like cisplatin and paclitaxel?

The outcome of the preclinical study suggests that direct 
administration of DNA encoding DT-A through intraperitoneal (i.p.) 
method (to target genes highly expressed in ovarian tumor cells like 
MSLN, HE4) along with transcriptional regulation leads to effective 
tumor mass reduction along with minimal toxicity to specific tissue 
and blood while prolonging the life span [3]. The treatment employed 
since very long for treating cancer of epithelial ovary in its advanced 
stage is surgical removal of tumour mass then chemotherapy using 
paclitaxel along with cisplatin or carboplatin which are platinum 
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based therapies. What drawbacks this standard therapeutic regimen 
has then? [4,5]. Although it showed initial response which was 
favourable but later on the patients became unresponsive and then 
re occurrence of the disease is a major issue. So, what could be the 
futuristic effective solution? The answer is “Gene therapy” which is a 
promising and effective technique to treat metastatic ovarian cancer 
as these metastatic tumours are mainly located in peritoneal cavity 
and hence direct i.p. administration of therapeutic DNA would be 
an effective treatment. Also the route of delivery would protect the 
nearby organs from toxic side effects. Another added benefit is once 
inside the tumour cell its expression can be effectively controlled. 
The limitation with this concept of treatment is that the above said 
advantages of DNA therapies still needs to be developed and is the 
objective of all preclinical and clinical studies [6].

There is a significant question which needs to be answered, what 
vector should be chosen to deliver the DNA ? Viral vectors were widely 
in use for treatment in most of the clinical trials for ovarian cancer but 
the focus has been shifted to use of non-viral vectors. The limitations 
with the use of viral vectors was the obtained results, there were many 
reported serious adverse effects. A reported event can be taken as an 
example, where during a phase I clinical trial, a liposome of cationic 
nature was used for gene transfer in the treatment of peritoneal 
tumours which led to a restricted antitumor activity, it was also found 
that the DNA- vector complex was mainly responsible for all of the 
reported adverse events at all dose levels. Hence DNA encoding DT-A 
(diphtheria toxin) and a vector such as h-amino ester, a cationic 
polymer of biodegradable nature can give the desired results, it has 
been used also to form a complex and deliver DT-A gene to prostatic 
cancer cells. The advantage associated with this complex was the 
potency of the toxin in inhibition of protein synthesis, its capability 
to reduce tumour mass and finally cell death [5,6]. The nanoparticles 
were formed using DNA and h-amino ester polymer, where only one 
form of polymer was used, either C32 or C32-117. C32-117 is used as 
a modified form of C32 with capping of amine. The advantage of using 
C32-117 over C-32 is that it has significantly enhanced capability to 
deliver DNA to the specific ovarian tumour site. The methodology 
used in this study was development of structural antitumor construct, 
which is specific to the ovarian region wherein two genes HE4 and 
MSLN’s promoters were employed to regulate and target the expression 
of DNA in cancerous ovarian cells using in vitro and mouse models. 
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The benefit of this technique was evaluated based on the fact that 
promoter’s activity got enhanced significantly in ovarian tumour cells 
than the other normal cells or tissues. In ovarian cancer cells, Cells 
devoid of CA125 expression had MSLN and HE4 proteins emerging 
as the most evident biomarker in them when compared to other 
proteins. The earlier studies demonstrating the use of DT-A encoded 
in DNA and its delivery to prostatic tumor cells followed by injection 
of nanoparticle (using h-aminoester C32) in the intratumoral region 
led to the evolvement of this strong concept of nanotherapy, as a better 
and effective technique to deal with progressed stages of ovarian 
tumour. Problems involving its biodistribution were also solved using 
i.p. delivery method instead of intravenous (i.v.) and as said earlier 
most of the metastatic ovarian tumours are located intraperitoneally. 
The question is can it be practically implemented without any flaws as 
this needs to have evidence, while treatment involving chemotherapy 
is an established one? with recent reports of chemotherapy involving 
i.p. administration proved potential enough as it improved the overall 
disease free survival rate of the patients having advanced stage ovarian 
cancer and was recommended as a treatment in January, 2006 to all the 
physicians by National Cancer Institute (NCI). Three models including 
xenograft, transgenic and cell implantation were used to evaluate the 
therapeutic efficacy of nanoparticles. Xenografts are directly injected 
with nanoparticles while primary ascites obtained from patients 
was incubated with nanoparticles and it proved the efficiency of 
nanoparticles in delivering DNA to targeted cancer cells in ovarian 
region and of human origin [6,7]. Immunosupressed mice were used, 
where nanoparticles delivered DT-A encoding DNA and due to target 
of gene expression, suppressed xenografts growth was observed. 
Apoptosis followed by DT-A expression was observed in MISIIR/
Tag mice where TUNEL assays were done using DT-A nanoparticle 
injected in tumour cells. It was found that tumour growth was more 
effectively suppressed in case of MISIIR/Tag mice on treatment with 
DT-A nanoparticles than on treatment with drugs. While drug treated 
mice had re-growth of tumour cells, even ID8-Fluc model confirms 
the effectiveness of DT-A nanotherapy in reduction of tumour load 
equivalent to combined drug therapy also non-specific toxicity was 
not observed in DT-A treated mice. ID8-Fluc model which was drug 
treated showed loss of weight in mice unlike the DT-A treated one. 
Still this technique could be improvised. How?

By making changes to the nanoparticle formulations for enhancing 
targeted delivery of DNA to tumour cells also delivery techniques in 
combined form along with specific promoters for targeting expression 
which will help in maintenance of healthy tissues. Further limitation 
to chemotherapeutic treatment is resistance which is again overcome 
by nanotherapy as DT-A encoding DNA rapidly disrupts protein 
synthesis and also increases its uptake and expression hence no 
resistance [7,8].

The future scope for nanoparticles in terms of treatment of 
ovarian cancer looks promising, this is quite relevant when we 
evaluate the therapeutic response of DT-A nanoparticles on mouse 
models (in the absence of non-specific toxicity). The vector C32-117 
poly (h-amino ester) is quite effective in DNA delivery to tumor cells 
followed by i.p administration. The promoter sequences used are also 
effective in targeting of DNA expression delivered to tumor cells; 
again resistance is not a limitation with DT-A encoding DNA unlike 
standard chemotherapeutics. Studies suggest that administration of 
DT-A nanotherapy is possible and that too for a longer period of time 
thereby helping in tumor reduction and burden. Opportunities exist 
in extensive studies which should be aimed on MISIIR/Tag model to 
evaluate how effective is DT-A nanotherapy as an adjuvant therapy 
to the above techniques. Also its efficacy rates in treatment of cancer 
in other parts for example pancreas is to be explored. The existing 
challenge is that there is no clinical proof or established report 
employing C32-117 poly (h-aminoester) as a delivery tool. With the 
recent development in this area of research, an announcement is 
made by the NCI for sponsoring the preclinical development of this 
form of therapy at nanotechnology characterisation laboratory which 
provides further scope for better opportunities.
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