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Abstract: Nano technology is a cutting edge science which is now effectively used in the field of cancer biology. Smart 
Flare gold nanoparticles are now used often for differential gene expression analysis. In this manuscript we are reporting 
the use of micro RNA miR 146a and onco gene EZH2 Smart Flare probes to study their expression in different prostate 
cancer cell lines and the effect of novel Rhenium compounds on these genes using a flow cytometer and a Fluorescence 
microscope. Our results showed this novel nanotechnology can be effectively used in cancer biology to successfully 
detect the effect of novel drugs on oncogenes and could be a very useful tool for next generation of cancer researchers. 
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INTRODUCTION 

MicroRNAs (often abbreviated as miRNA) are a 
class of short (20-24bp) noncoding RNAs which are 
involved in the recognition and post-translational 
repression or degradation of specific mRNAs. MiRNAs 
have been associated with biological processes in 
mammals such as cancer, insulin secretion, cell differe-
ntiation and viral infections. miRNAs are transcribed by 
RNA polymerase II, the primary transcript is cleaved by 
the ribonuclease III enzyme Drosha which is further 
cleaved by Dicer ribonuclease to generate the mature 
miRNA and antisense miRNA products. The mature 
miRNA is then incorporated into the RISC (RNA-
induced silencing complex) which recognizes the target 
mRNA and results in translational inhibition or 
destabilization [1]. 

miR-146a is thought to be a mediator of inflam-
mation along with another microRNA, mir-155. The 
expression of miR-146a is upregulated by inflammatory 
factors such as interleukin 1 and tumor necrosis factor-
alpha, miR-146a dysregulates a number of targets 
which are mostly involved in toll-like receptor pathways 
that bring about a cytokine response as part of the 
innate immune system [2, 3], miR-146a operates in a 
feedback system or "negative regulatory loop" [4] to 
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finely tune inflammatory responses [5]. miR-146a was 
found to significantly overexpressed in gastric cancer 
and breast cancer tissues [6, 7]. 

RNA molecules play crucial roles in cells such as 
coding, decoding, regulation, and expression of genes, 
yet they are much more difficult to study. Smart Flares 
are nanoparticle-based probes for the detection and 
imaging of RNA in live cells. Smart Flare ranked 
second in The Scientist top ten 2013 innovations, with 
one of the judges, Kevin Lustig, commenting “These 
new RNA detection probes can be used to visualize 
RNA expression in live cells at the single-cell level.” 
The following year, Smart Flare won an R&D100 
award. The technology comes from Chad Mirkin’s lab 
at Northwestern University. Chad Mirkin is the winner 
of numerous prestigious prizes and a science adviser 
to the President of the United States. The scientific 
articles introducing the Smart Flare concept (under the 
name of Nano-Flare) were published in the Journal of 
the American Chemical Society in 2007. In 2013, the 
Smart Flare technology was licensed to EMD Millipore. 
A molecular sensor needs a detection mechanism to 
work. The principle of the Smart Flare is explained 
where a capture oligonucleotide (i.e. DNA) is bound to 
the gold nanoparticles. A reporter strand is bound to 
the capture strand. The reporter strand carries a 
fluorophore but that fluorophore does not emit light 
because it is too close to the gold (the fluorescence is 
“quenched”). In the presence of the target RNA, the 
reporter strand is replaced by the target RNA and 
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therefore released, quenching stops, and fluorescence 
is detected by a flow cytometer. 

Novel Rhenium based compounds are now being 
tested as anti cancer drugs in many cancer research 
laboratories as better alternatives to platinum com-
pounds. These compounds could be cheaper, more 
effective with less drug resistance than other chemoth-
erapeutic drugs. 

In this study, we tested the expression of miR 146 
alpha in several prostate cancer (PCa) cell lines 
derived from both African American (AA) and 
Caucasian (CA) patients in comparison to normal 
prostate cells by using Smart flare technology. We also 
studied the effects of two novel rhenium compounds 
called PC1 and RPR2 (Figure 1) on the miR 146a and 
oncogene EZH2 by using these gold nanoparticles as 
described in this manuscript. 

        
Figure 1: The structural formulas of PC-1 and RPR-2 and 
miR 146a secondary structure. 

MATERIALS AND METHODS 

Cell Culture and Maintenance 

LNCAP (CA PCa), PC3 (CA PCa), RWPE1 (Healthy 
prostate cell line), MDA (AA PCa) cell lines were 
obtained from American Type Culture Collection. The 
cell lines were grown and maintained in Roswell Park 
Memorial Institute Medium (RPMI 1640). Cells were 
stored at 5% CO2 in 25cm2 filter cap flasks in a 
laboratory CO2 incubator and were additionally 
maintained with 10% Fetal Bovine Serum (FBS) and 
100µl/ml antibiotic/anti mycotic (penicillin/ streptomycin/ 
amphotericin B). 

Rhenium compounds PC1 and RPR2 were 
synthesized as described previously [8, 9]. 

Smart Flare Experiments 

Cells were grown and incubated at 37˚C @ 5% 
CO2 in 35mm cell culture dishes until fully confluent. 
10µm of rhenium compound PC-1 was added to the 

dishes and allowed to incubate for 48 hours, but after 
24 hours 1µl of miRNA146a gold nano probe was 
diluted into 20µl of 1X PBS and added to the cells and 
allowed to incubate overnight. The next day, cells were 
then removed and scraped using a sterile cell scraper 
and pipetted in microcentrifuge tubes. Pipetted cells 
were then centrifuged at 12,000 x g for 10 minutes until 
cell pellet was visible. Pelleted cells were then 
suspended using 1X PBS and then diluted 1:1000. 
Using a Guava® EasyCyte Single Sample Flow 
Cytometer, gene expression was analyzed. A BIO RAD 
(USA) fluorescence microscope was used to take 
pictures of the gold nano particle transfected cells. The 
experiment with the EZH2 oncogene was similarly 
done for analyzing its expression in Rhenium drug 
RPR1 treated and untreated PC3 prostate cancer cells. 

RESULTS 

The Smart Flare analysis of different prostate 
cancer cell lines derived from both African American 
and Caucasian patients showed increased expression 
of miR 146a in the cancer cell lines than the normal 
cells (Figure 2). Rhenium compound PC1 lowered miR 
146a expression, however, the Rhenium compound 
RPR2 failed to lower the expression of oncogene EZH2 
in PC3 prostate cancer cell lines (Figures 3, 4a, b). 

DISCUSSION 

In previous literature, together with our findings, 
suggests that miR-146a may be an important 
oncogene in prostate cancer. A recent study in breast 
cancer cells showed that miR-146a was significantly 
upregulated in invasive cell lines when compared with 
normal and less invasive cell lines [9]. Previous studies 
have also shown that abnormal expression of miR-
146a is associated with paradoxical roles as an 
oncogene or a tumor suppressor in different human 
cancer tissues. This variation seems to be context 
dependent in terms of tissue type as well as signaling 
networks, miR-146a has been shown to function as an 
oncogene in cervical cancer [10] and anaplastic thyroid 
carcinoma [11] but as a tumor suppressor in pancreatic 
cancer [12] and gastric cancer [13]. Within breast 
cancer, overexpression of miR-146a has been shown 
to be oncogenic by increasing the proliferation of breast 
cancer cells and to function as a tumor suppressor [14] 
by impairing the invasion and migration capacity when 
overexpressed in some breast cancer cell lines. These 
observations reconfirm that miRs are not only 
expressed in tissue specific manner but are also a part 
of the intricate network involving direct interactions and 
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Figure 2: Guava Smart Flare technology done on prostate cancer cell lines and RWPE1/CRL 2854 normal cell line. Experiment 
proving that miRNA 146a is upregulated more in cancer cells than normal. 

 

 
Figure 3: Guava Smart Flare experiment showing that the rhenium compound PC1 effectively decreases the level of miRNA 
146a in PC3 prostate cancer cell lines. 

 

  
    (a)       (b) 

Figure 4: a shows DMSO treated EZH2 gold nano particle transfected and b the same with Rhenium treated. No significant 
change in fluorescence concludes that Rhenium compound RPR1 might not be effective in lowering onco gene EZH2 
expression. 
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cross talks with other genes, microRNAs and signaling 
molecules. In addition, each microRNA can have 
multiple targets and each target can be regulated by 
multiple microRNAs (i.e. signal integration). In this 
study we showed that using nanotechnology of Smart 
flare gold nanoparticles, we can very easily and quickly 
analyze gene expression by using Flowcytometry and 
Fluorescence microscopy. We found miR 146a to be 
consistently upregulated in all prostate cancer cell lines 
we tested and also could be suppressed by Rhenium 
drug PC1. Even though our experiments with the 
Rhenium compound RPR2 in downregulating onco-
gene EZH2 was not successful, however, we establi-
shed the fact that the Smartflare technology could be 
applied in effectively testing anti-cancer drugs much 
quicker with less efforts than using techniques like RNA 
isolation, cDNA synthesis, REAL-TIME PCR etc which 
we currently use for gene expression analysis. Thus 
Smart Flare novel gold nanoparticles could revolu-
tionize the field of differential gene expression studies 
and drug discovery [15-17]. 
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