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Abstract: This study was focused on molecular profiling of prostate cancer (PCa) using scant amounts of both frozen 
and formalin-fixed paraffin-embedded (FFPE) PCa tissue specimens. DNA and RNA were extracted and interrogated 
for: (1) whole-genome gene expression profiling, (2) miRNA expression analysis, (3) SNP analysis, and (4) mutation 
analysis. Data was statistically analyzed and correlated with clinical and pathologic variables. Expression profiling 
of 47,224 genes revealed 74 genes that were significant in predicting high tumor grade in PCa (p<0.0001). These 
were involved in many cellular processes as analyzed by Ingenuity Pathway Analysis (IPA). Using novel high through-
put technologies, we identified a specific oncogenomic and miRNA signatures showing loss of miR-34 expression. 
Interestingly, p53 was at the center hub of the signaling pathways, and the loss of miR-34a expression was con-
sistent with the central role of p53 in PCa. Analysis of 731,442 SNP’s, revealed 638 SNP’s that were significant in 
predicting high tumor grade (p<0.0001; logistic regression analysis). We also found, for the first time, a novel hot 
spot mutation in MET oncogene, variant T992I, suggesting that our findings would be useful in further defining the 
role of specific regulatory genes and miRNAs in the pathological evolution of PCa, and could also have potential 
clinical utility in improving diagnostic accuracy, refining prognostic and predictive capabilities and may serve as 
therapeutic targets. 
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Introduction

Therapeutic decision-making in clinical oncolo-
gy is currently undergoing a transition towards 
personalized pharmaco-therapeutics. The 
treatment paradigm is being dictated more by 
genetic and/or molecular characteristics than 
the anatomic site of tumor origin. Oncogene 
mutations are targets of anticancer therapies. 
With the proliferation of targeted agents in clini-
cal practice, it is important to determine sus-
ceptibility to these targets to specific agents. 
EGFR mutations in non-small cell lung cancers 
are sensitive to erlotinib [1-3]; KIT mutations in 
gastrointestinal stromal tumors (GISTs) predict 
response to imatinib or nilotinib [4]; KRAS onco-
gene mutations are unresponsive to treatment 
with anti-EGFR agents in colorectal cancers [5]; 
and BRAF mutations predict a strong correla-
tion with preclinical sensitivity to targeted 
agents [6]; HER2 amplification predicts a 
response to trastuzumab [7]. Widespread clini-

cal application of this approach in prostate can-
cer (PCa) is hampered by a lack of comprehen-
sive knowledge of the oncogenes that are 
activated either by point mutation or over-
expression due to DNA copy number increases 
or transcriptional deregulation. 

PCa remains the most frequently diagnosed 
male malignancy and the 2nd leading cause of 
cancer mortality among American mens. This is 
mainly due to the lack of curative therapies, 
inherent complex heterogeneity of the tumors, 
and thus making it difficult to determine which 
patient would respond to anticancer therapies. 
Informative and predictive molecular biomark-
ers are being analyzed in this regard. Mutations 
frequently described at the molecular level in 
PCa include PTEN, KRAS, BRAF, CTNNB1 and 
HRAS and the infrequent ones include EGFR, 
FGFR3, NRAS, CDKN2A, RB1, APC, TP53, 
FBXW7, PIK3CA, IDH1, SMARCA4, AKT1, 
CEBPA, STK11, MLH1 and NF1 [8]. However, as 
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of yet it is not known which of these are clini-
cally relevant to serve as molecular signatures 
for early diagnosis, prognosis and as potential 
therapeutic targets, and no attempt has been 
made in predicting disease outcome.

Therefore, there is a dire need to comprehen-
sively characterize PCa using point mutation 
analysis, whole genome gene expression analy-
sis and Single Nucleotide Polymorphism (SNP) 
analysis. These novel high-throughput technol-
ogies will allow reliable oncogenomic profiling 
of small biopsies of PCa samples for multiple 
pivotal cancer genes simultaneously. 
Comprehensive molecular oncogenomic and 
microRNA (miRNA) profiling of tumors can also 
provide tumor specific oncogenomic and miRNA 
signatures which can potentially improve diag-
nostic accuracy, refine prognostic and predic-
tive capabilities, and may serve as therapeutic 
targets. These will allow reliable oncogenomic 
profiling of small biopsies for multiple pivotal 
cancer genes simultaneously. 

Oncogene mutations do not usually occur ran-
domly, but are more frequent in certain regions 
of each oncogene. The Oncocarta assay for 
mutation analysis could simultaneously identi-
fy both wild type and up to 3 different mutant 
alleles, showed a high sensitivity exceeding 
that of traditional Sanger sequencing (which 
remains the gold standard for many genetic 
diagnostic approaches); and is highly concor-
dant with Sanger sequencing, pyrosequencing, 
and allele-specific PCR [9-11] . The fresh frozen 
tissue allows us to get RNA of sufficient quality 
to allow gene expression profiling by micorar-
ray. Emerging evidence is accumulating sug-
gesting that molecular markers of tumor 
aggressiveness could have potential use in the 
clinical scenario for different malignancies [12, 
13] including PCa [14].

Recently microRNAs (miRNAs) are being investi-
gated for their role in the progression and bio-
logical evolution of cancer [15]. These non-cod-
ing small RNA molecules have been proposed 
to regulate cancer onset, progression and 
metastasis. They are being evaluated for their 
role as biomarkers of cancer since they are 
down or up-regulated in different malignancies 
[15] as well as being investigated for their pos-
sibility as targets to reduce tumor burden in 
cancer therapeutics [16]. Therefore, a compre-
hensive analysis of these genomic and miRNA 
signatures of tumor aggressiveness in PCa 

would be helpful to delineate potential utility of 
these in clinical management and diagnosis of 
PCa. 

Materials and methods

Patient and tumor tissue collection

After obtaining Institutional Review Board (IRB) 
approval and patients’ consent, prostate can-
cer (PCa) cases were identified from the com-
puterized records from the department of 
pathology. 

Clinical and pathologic characteristics

In each case, the clinical details of the patients 
were obtained from the computerized hospital 
database. Pathologic features based on micro-
scopic evaluation of tumor slides were record-
ed including Gleason’s score, pathologic stage 
and final histopathologic diagnosis. Cases were 
then grouped into (a) High grade and (b) Low 
Grade: based on Gleason’s score.

Specimen selection 

Fresh, frozen tissue specimens: From the 
Biorepository Core at the Karmanos Cancer 
Institute, Detroit, MI, fresh frozen PCa tissue 
specimens were retrieved. Each specimen was 
dissected by a uropathologist, snap frozen 
within 1 hour of surgical excision, and stored at 
−80°C until extraction of DNA/RNA. For confir-
mation of tumor, cryo sections were cut in each 
case and stained with hematoxylin and eosin 
stain and microscopically examined to confirm 
the presence of tumor. Only samples contain-
ing >70% tumor cells were included in the study. 
Seven tissue sections each of 10 microns were 
cut from the fresh frozen tumor tissue samples 
each case and placed into sterile eppendorf 
tubes.

Formalin fixed paraffin embedded (FFPE) tis-
sue specimens: Histopathology slides from PCa 
cases were microscopically reviewed to select 
representative tumor blocks containing >70% 
tumor cells. Five tumor tissue sections, 10 
microns in thickness each, were cut from the 
selected blocks and placed into sterile eppen-
dorf tubes. 

Nucleic acid extraction

DNA extraction: DNA was extracted by using 
QIAamp DNA FFPE Tissue Kit from Qiagen 
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according to the manufacturer’s protocol. The 
integrity and concentration of DNA was deter-
mined spectrophotometrically. 

RNA extraction: RNA was similarly extracted 
using standard methods by column purification 
(Qiagen) with an included DNA degradation 
step to ensure that the only nucleic acid pres-
ent is RNA. RNA purity and quality was verified 
by separating on an Agilent 2100 Bioanalyzer. 

MicroRNA (miRNA) extraction: Total RNA was 
extracted from the FFPE samples using the 
Qiagen kit as per the manufacturer’s protocol 
especially designed to capture smaller size 
RNA for miRNA analysis as previously described 
by our laboratory [16].

Whole-genome gene expression analysis

Using Illumina Human HT-12 v4 Bead Chip 
Microarrays on DNA samples, we performed 
the expression profiles of 47,224 genes per 
array. These experiments use 60-mer oligonu-
cleotide arrays which have the most complete 
coverage of the whole human transcriptome. 
Two color hybridizations interrogates the can-
cer cells from the collected specimens against 
a common standardized reference sample 
(Universal Human Reference RNA, Stratagene) 
which permits the comparison of our results to 
transcriptional profiles generated by other 
researchers. Alexa dyes (Alexa647-red and 
Alexa555-green) was used for fluorescent 
labeling since these dyes are more resistant to 
oxidation and do not quench as easily as tradi-
tional Cy dyes. Labeled targets were synthe-
sized from the purified RNA using linear amplifi-
cation and indirect labeling by incorporation of 
aminoallyl-labeled nucleotide, which was sub-
sequently modified by the covalent addition of 
Alexa dye (Epicentre Technologies). In this way, 
dye incorporation bias was minimized. In addi-
tion, experiments were performed in duplicate 
using dye-reversed replicates where possible. 

Point mutation analysis

DNA was interrogated for mutation analysis 
using a mass spectroscopy based method, 
Sequenom Mass-array. OncoCarta panel v1.0 
was used that profiles 238 common cancer 
mutations in 19 oncogenes (known predictors 
of response or resistance to targeted thera-
pies) [9]. It also determines deletions, inser-

tions as well as single-base pair changes. 
Briefly, an initial PCR reaction was performed to 
amplify a small region (between ~80 to 120 
base pairs) which includes the potential point 
mutation site. Next, a 10 base DNA oligonucle-
otide primer binds immediately upstream of the 
mutation site and is extended by one base into 
the potential mutation site. The oligo-nucleo-
tide primers are subsequently separated on a 
matrix-assisted laser desorption/ionization 
time of flight (MALDI-TOF) mass spectrometer 
which is able to quantitatively discern the spe-
cific nucleotide that was extended. This method 
can reproducibly detect mutations at a fre-
quency of 15% within a given sample. 

Single nucleotide polymorphism (SNP) analysis

SNP analysis was done using Illumina Omni 
microarrays which have a genome-wide cover-
age as per the manufacturer’s protocol. 

MicroRNA (miRNA) analysis

miRNA analysis was done using expression 
microarrays and RT-PCR as described previ-
ously by our group [16]. 

Data analysis

Data obtained was statistically analyzed and 
correlated with clinical and pathologic 
variables. 

For mutation analysis: Statistical analysis of 
the relationship between oncogene mutations 
in samples and their clinical properties was 
performed using either the Kruskal-Wallis test 
or Fisher’s Exact test. The Kruskal-Wallis test is 
used to test the relationship between a nomi-
nal variable (the mutation) and a parametric 
variable (a measured clinical feature, e.g. sur-
vival in days). The null hypothesis assumes that 
the parametric variable comes from identical 
populations (defined by the nominal variable). 
Thus, the Kruskal-Wallis test indicates if a 
mutation is associated with a measured clinical 
feature of the sample. This is a non-parametric 
test since this study consists of small samples 
sizes that may not be normally distributed. 
Fisher’s Exact test was used to test the rela-
tionship between two nominal variables such 
as a mutation and a categorical clinical feature 
(e.g. tumor stage). Similar to the Kruskal-Wallis 
test, Fisher’s Exact test indicates if a mutation 
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is associated with a categorical clinical feature 
of the tumor and is suited to small samples 
sizes.

For gene expression analysis: Gene expression 
profiles were preprocessed using the R 
Statistical Package and Bioconductor libraries. 
Gene expression microarray experiments were 
first normalized using lowess normalization. 
Dye-reversed replicate array samples were 
combined using linear modeling techniques 
provided by the Bioconductor library limma. 
The statistical significance of these changes 
was determined primarily by the implementa-
tion of a Z-score as well as the use of a regular-
ized T-test provided by limma. When multiple 
samples are found to harbor amplified regions 
at similar regions of the genome, statistical 
methods was used to determine whether genes 
within the commonly amplified region exhibit a 
bias towards over-expression relative to sam-
ples without the same amplified region. 
Moreover, this type of statistical analysis deter-
mines which genes within the amplicon give the 
greatest contribution towards the over-expres-
sion bias. This type of analysis provides statisti-
cal validity to changes that are observed in mul-
tiple samples as well as indicate which genes 
within the amplicon are more over expressed, 
and therefore more likely to be driving selection 
for that amplicon. This statistical analysis was 
carried out with two Bioconductor libraries, glo-
balTest and Gene Set Enrichment Analysis 
(GSEA). These methods were applied to multi-
ple samples with similar amplicons which pro-
vides a basis for determining the fold change 
threshold required for an individual human 
tumor biopsy to indicate meaningful over-
expression harboring unique genetic amplifica-
tion events.

Gene analysis: Genes significant in predicting 
high PCa tumor grade were stratified by ordinal 
regression analysis and logistic regression 
analysis.

Pathway analysis: To identify the genes which 
were significant in predicting high PCa tumor 
grade, we used the novel software, Ingenuity 
Pathway Analysis (Ingenuity Systems http://
www.ingenuity.com), to determine which bio-
logic cellular pathways were the significant 
genes involved.

SNP analysis: To identify SNPs which were sig-
nificant in predicting high PCa tumor grade, 

ordinal and logistic regression analysis was 
used.

Results

A total of 40 frozen and 120 FFPE prostate can-
cer cases were included in the study. All cases 
evaluated in the present study were histopatho-
logically confirmed cases of prostate adenocar-
cinoma (PCa). The age range of the patients 
was 45 to 70 years (mean 59.57 years). 

Whole-genome gene expression analysis for 
identifying alterations in 47,224 genes revealed 
several genes which were able to predict high 
tumor grade. Upon statistical analysis using 
ordinal regression analysis, 2,986 genes were 
significant in predicting high tumor grade at the 
0.05 level; 660 at the 0.01 level; 349 at the 
0.005 level; and 74 at the 0.0001 level. The 
most significant gene was ILMN_1754102; 
TGIF1.

Genes which were significant predictors of high 
tumor grade were further analyzed using the 
novel software, Ingenuity Pathway Analysis 
(Ingenuity Systems http://www.ingenuity.com), 
to determine the biologic pathways in which sig-
nificant genes were involved. The statistically 
significant predictor genes (p<0.005) were 
involved in the pathways, ‘Gene Expression, 
Cell Cycle, Cancer’, ‘Inflammatory Response, 
Cell Death, Infection Mechanism’ and ‘Cellular 
Assembly and Organization, Gene Expression, 
Cancer’ (Figures 1 and 2). The ingenuity net-
work analysis was used to display an interac-
tive graphical representation of the interrela-
tionships between molecules. There was 
considerable overlap of the significant predic-
tor genes between the significant biologic path-
ways (Figure 3). The tumor suppressor gene, 
p53, was found to be at the center hub of the 
significantly predicting biologic pathways.

A total of 731,442 Single Nucleotide 
Polymorphisms (SNP) were analyzed in the 
prostate cancer cohort in this study. Using ordi-
nal regression analysis, 48,091 SNPs were sig-
nificant in predicting the tumor grade at the 
0.05 level; 9,776 at the 0.001 level; 4,918 at 
the 0.005 level; and 1,022 at the 0.01 level. By 
logistic regression analysis, 41,456 SNPs were 
significant at the 0.05 level, 7,180 at the 0.001 
level, 3,266 at the 0.005 level and 638 at the 
0.0001 level in predicting the tumor grade.
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Further, the SNP/gene pair interactions were 
statistically evaluated to determine if there was 
any interaction between them. A total of 531 
SNP/gene pairs showed significant interaction 
between genes and SNPs (p<0.05). ‘The num-
ber of genes, SNPs and miRNA were analyzed 
and their ability to predict tumor grade are 
detailed in the figures obtained through IPA 
(Figures 1-3). MicroRNA expression analysis 
displayed loss of miR-34a in PCa. This finding 
was validated by RT-PCR as published previ-
ously [17, 18].

DNA from each case was interrogated for dele-
tions, insertions and base pair changes using 
the OncoCarta panel comprising of 238 muta-
tions across 19 common oncogenes (Table 1). 
The mass-spectroscopy based data obtained 
from the study samples was plotted in a graph-
ic representation to compare the study sam-
ples with the normal controls run with each 

assay. The mass-spectroscopic peak intensity 
of oncogene MET was found to be altered in 
PCa case # 21 when compared with the normal 
control (Figure 4). This was the only gene which 
showed significant alteration. The alteration 
was observed in the MET oncogene, variant 
T992I. The estimated MET mutation frequency 
in overall samples was 3% with Wilson’s 95% 
confidence interval (0%, 13%). However, it is 
not statistically significant (Fisher’s exact test p 
value of 0.23). All study samples were repeated 
in duplicate and similar observations were 
seen. The patient with the mutation was a 
Caucasian American male aged 49 years with 
the PCa Gleason score 7 (4+3).

Discussion

Prostate cancer (PCa) remains the most fre-
quently diagnosed male malignancy and the 
2nd leading cause of cancer mortality among 

Figure 1. Graphical representation of Ingenuity Pathway Analysis results showing significant predictors genes in 
‘Gene Expression, Cell Cycle, Cancer’ pathway.
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American men. This is mainly due to the lack of 
curative therapies, inherent complex heteroge-
neity of the tumors, and thus making it difficult 
to determine which patient would respond to 
anticancer therapies. Despite years of research 
in this field, as of yet it is not known which mark-
ers are clinically relevant to serve as molecular 
signatures for early diagnosis, prognosis and 
as potential therapeutic targets, and in predict-
ing disease outcome.

In the present study, we focused on molecular 
profiling of PCa cases using novel, high through-
put molecular techniques on scant amounts of 
fresh-frozen and FFPE tumor samples. Both tis-
sue samples were able to reveal excellent DNA 
and RNA both quantitatively and qualitatively. 
The data obtained appears very significant for 
potential clinical utility in the future. 

Whole-genome gene expression analysis 
revealed several statistically significant genes 
as predictors of high tumor grade with the most 
significant gene being TGIF1.

As in previous studies, we found several genes 
were altered in PCa including PTEN, KRAS, 
BRAF, CTNNB1, HRAS, EGFR, FGFR3, NRAS, 
CDKN2A, RB1, APC, TP53, FBXW7, PIK3CA, 
IDH1, SMARCA4, AKT1, CEBPA, STK11, MLH1 
and NF1 [8]; the IPA results shown in the 
Figures 1-3 demonstrate these findings. In a 
recent study, K Yano using gene expression cor-
relation analysis evaluated the genes associat-
ed with the risk of PCa and found the high-con-
fidence risk genes [genes enriched in fetal 
prostate stem cells (PSCs) and ectoderm devel-
opment genes, related to squamous metapla-
sia] are associated with an early stage of pros-

Figure 2. Graphical representation of Ingenuity Pathway Analysis results showing significant predictor genes in ‘In-
flammatory Response, Cell Death, Infection Mechanism’ pathway.



Oncogenes and miRNAs in prostate cancer

206	 Am J Transl Res 2013;5(2):200-211

tate carcinogenesis and the low-confidence 
genes may be involved in a later stages of car-
cinogenesis [19].

The Ingenuity Pathway Analysis revealed genes 
which were significant predictors of PCa aggres-
siveness were involved in biologic pathways 
“Gene Expression, Cell Cycle, Cancer”, 
“Inflammatory Response, Cell Death, Infection 
Mechanism” and “Cellular Assembly and 
Organization, Gene Expression, Cancer”. Our 
findings are similar to a recent study demon-
strating a general activated process of signal-
ing pathways, specifically shown in the cell 
cycle related biological processes in PCa name-
ly “Gene Expression, Cellular Growth and 
Proliferation, Cellular Development, Cell Cycle, 
Cell Death, Cellular Movement, Cell-To-Cell 
Signaling and Interaction, Cell Signaling, 

Figure 3. Graphical representation of Ingenuity Pathway Analysis results showing considerable overlap of the signifi-
cant predictor genes in the significant biologic pathways. 

Table 1. Genes interrogated using the Onco-
Carta panel
Genes Mutations
ABL 13
AKT1 7
AKT2 2
BRAF 29
CDK4 2
EGFR 44
ERBB2 8
FGFR1 2
FGFR3 9
FLT3 3
HRAS 12
JAK2 1
KIT 32
KRAS 18
MET 5
NRAS 18
PDGFRA 11
PIK3CA 16
RET 6
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Cellular Assembly and Organization, and 
Cellular Compromise” pathways [20].

The tumor suppressor gene p53 was found to 
be at the center hub of all significant pathways. 
The p53 plays a crucial role in maintaining 
genomic stability and tumor prevention. The 
p53 pathway is important in PCa development 
and progression. Our findings are in agreement 
with previous studies analyzing the role of com-
mon polymorphisms in the p53 pathway and 
found association with more aggressive PCa 
indicating that these findings could point to the 
relevance of this pathway in the development 
of aggressive PCa and may lead to a consider-
ation of using p53 genetic variants as part of a 
multi-genic model for identifying high-risk sub-
groups which may benefit from intensive thera-
peutic strategies [21].

The miRNA expression analysis revealed loss of 
miR-34a. The miRNAs form a class of non-cod-
ing small RNA molecules considered to be key 
regulators of gene expression [15]. Their dys-
regulation has been shown to play important 
roles in cancer onset, progression and metas-
tasis, and thus miRNAs represent a promising 
new class of cancer biomarkers. Down- and up-
regulated miRNAs in PCa could provide poten-
tial biomarkers and/or therapeutic targets for 
the treatment of PCa aggressiveness. The loss 
of miR-34a found in this study was consistent 

with p53 function in PCa. Our findings are in 
direct agreement with the biological role of 
miR-34a. The miR-34a is a p53 target. Enforced 
expression of miR-34a in bulk or purified 
CD44(+) PCa cells inhibited clonogenic expan-
sion, tumor regeneration, and metastasis [22], 
which supports the rationale for developing 
miR-34a as a novel therapeutic agent against 
prostate CSCs [16].

Using the Sequenom Mass-array, we identified 
mutation in MET oncogene in the present study. 
The OncoCarta assay simultaneously identifies 
both wild type and up to 3 different mutant 
alleles, has a high sensitivity exceeding that of 
traditional Sanger sequencing, which remains 
the gold standard for many genetic diagnostic 
approaches; and is highly concordant with 
Sanger sequencing, pyrosequencing, and 
allele-specific PCR [10, 23]. 

The MET oncogene mutation identified in this 
study is a novel finding in PCa and has not been 
previously reported in PCa patients. The MET 
gene is the hepatocyte growth factor receptor 
MET, identified as part of the fusion oncogene, 
TPR-MET [24, 25]. Point mutations in MET have 
been identified in renal papillary carcinoma 
[26-28]. Although 2 variants have been identi-
fied for this oncogene, T992I and R970C, it was 
the MET variant T992I (also designated 
T1010I), which was recently found in lung can-

Figure 4. OncoCarta results showing alteration in mass-spectroscopic peak intensity of MET oncogene, variant 
T992I in PCa case (B) when compared to normal control (B).
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cer cell lines, as well as individuals with lung, 
thyroid, renal, breast cancer, chronic lympho-
cytic leukemia (CLL), and lymphoma [29-35]. 
These variants have been characterized by Ba/
F3 transformation and phospho-tyrosine immu-
noblots, among other assay systems, and were 
concluded to be transforming [31]. However, 
more recent study showed that MET mutations 
are not transforming in several types of malig-
nancies including leukemia, colorectal cancer, 
thyroid cancer, endometrial cancer, melanoma, 
etc. [36]. Therefore, the malignancy-driven role 
of MET mutations is not universal but might be 
cancer-type specific. MET variant T992I was 
first identified by Schmidt and colleagues in 
1999 [32] and thought to represent a rare poly-
morphism, owing to lack of disease segregation 
and failure to induce focus formation or phos-
phorylation in NIH3T3 cells. Lee and colleagues 
observed slightly faster tumor growth in nude 
mice with MET variants [30]. MET variants have 
a role in cytoskeletal function and have not 
been identified in samples from healthy indi-
viduals [31]. The mutation in MET oncogene 
seen in the present study may have clinical and 
translational relevance because small-mole-
cule inhibitors for MET are emerging on the 
clinical cancer therapeutics horizon [37]. 
Therefore, the MET mutation identified in the 
present study, has the potential to be used a 
molecular signature for targeted therapies. 
Since anti-cancer therapeutic agents may have 
potentially toxic effects, before we can poten-
tially use such novel targets for personalized 
tailored medicine, it is important to carefully 
validate our findings of MET allele, T992I. 
Future planned studies based on a larger retro-
spective cohort of PCa patients with survival 
data to derive a clinical algorithm to identify its 
role in prostate oncogenesis are warranted. 

Our study has its limitations. This is a survey of 
global profiling of various genes, SNPs, muta-
tion and miRNAs using small number of sam-
ples. More cases need to be analyzed to deter-
mine the clinical significance of our findings in 
prostate cancer. Furthermore, although 1200 
miRNAs were analyzed only miR-34 was found 
to be lost significantly in prostate cancer.

Overall, we conclude that using novel, high 
throughput molecular techniques one would be 
able to comprehensively profile the genes and 
miRNAs from scant amounts of clinical tumor 
tissue samples from PCa patients. Whole 

genome gene expression analysis revealed sev-
eral significant genes as predictors of tumor 
aggressiveness. The most significant predictor 
gene was TGIF1. The relevant target genes pre-
sumably increase the opportunities of tumor 
aggressiveness in PCa. Network analysis con-
firmed the protein alterations affecting biologic 
pathways upon interaction due to the deregula-
tion of DNA. The p53 was found to be at the 
center hub of all significant pathways. It was 
also observed that many of the genes interact-
ed with p53 gene and contributed to the modu-
lation of cellular pathways involved in the PCa 
progression and aggressiveness. Loss of miR-
34a was consistent with p53 function in PCa. 
The molecular signatures identified in the pres-
ent study may have a significant clinical impact 
on improving diagnostic and predictive capabili-
ties and in designing targeted therapies. 
Additionally it will help in understanding the bio-
logical pathways involved in the PCa tumor 
aggressiveness. Lastly, the MET oncogene, 
mutation in variant T992I, is a unique finding in 
PCa which may have clinical relevance hot spot 
mutation with promise as a potential molecular 
signature for targeted therapy for personalized 
medicine.
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