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Introduction

MicroRNAs (miRNAs) are a group of small non-coding RN&gjgsences that are
approximately 22 nucleotides in length. They play a sigmficole in regulating gene
expression by binding to protein-coding regions of mMRNAsgetherepressing
translation or degrading the mRNA altogether, dependinfp@degree of
complementarity between the two sequences [1].

MIRNAs affect a variety of key cellular processes,hsas cellular differentiation
[1] and proliferation [2]. Aberrant miRNA levels halbeen noted in a number of
diseases, including several types of cancer, where AsRidve demonstrated the ability
to act as tumor suppressors and oncogenes [3].

Presently, there are only five miRNAs linked with prostedncer, three as
oncomiRs and two as tumor suppressors. Prostate camlcersiscond leading cause of
cancer deaths for men in the United States and thefragsently diagnosed malignant
tumor [4]. Studies have indicated that levels of vimerdn intermediate filament with a
key role in providing structural support for organelles inaytesol [5], are correlated
with prostate tumor growth [6]. Additionally, vimentffects cell motility, a
contributing factor to the development of metastatic phgres. One study comparing
three genetically related sublines demonstrated higher vimewels in the metastatic
and highly tumorigenic cell line than in both the slightlynorigenic and non-metastatic
cell lines [6].

A number of interactions between miRNAs and their tang@NA regions have
been identified, but the mechanisms behind many miRNA taegegnitions have yet to
be determined. An investigation into possible miRNAscaiifig vimentin expression
yielded a correlation with miR-17-3p, a member of the miF82¢luster, which was
shown to bind to the 3'-UTR of the vimentin mMRNA. LaSapture Microdissection
(LCM) analysis of RNA extracted from human prostate tusamples confirmed the
lack of miR-17-3p in normal glandular epithelium or stegnmdicating the role of miR-
17-3p as a tumor suppressor. Unlike some of the other meofiibes miR-17-92
cluster, miR-17-3p has yet to be investigated in depth [7].

As the role of miR-17-3p appears to be significant, orteefoals of the current
investigation is to identify other targets of miR-17-3p apés of elucidating the
repertoire of MRNAs regulated by miR-17-3p. This study aists to locate other
MIiRNAs that affect the expression of vimentin.

The most common means of detecting miRNA targetgaith the use
bioinformatic tools to predict potential candidates diaid by the implementation of
laboratory techniques to investigate the actual roles giréatictions [4]. One of the
main obstacles encountered in the identification of@&As and their corresponding
targets is the reliability of current computational pcadn programs. For example, the



proven interaction between miR-17-3p and vimentin is nedipted by either PicTar or
TargetScan, two commonly used prediction tools in miRBigearch.

Although over ten computational approaches are currevdéljedle, very few of
them produce overlapping results [8]. This is undoubtedlytawariability between the
sets of rules employed by the prediction programs reg@ttie likelihood of a miRNA-
gene interaction. Thus, the third goal, and necesshalfirst step to be accomplished, is
to develop a novel program to make better predictionstbf idRNA targets and target
genes. If it betters the performance of current contiput tools, this new program will
hopefully prove instrumental in the development of aemsive mIRNA expression
signature for prostate cancer.

Progress. Summer 2009

During the summer of 2009, a preliminary program was develometd a
successfully predicted the interaction between miR-17a8pvamentin. The program,
which is currently at approximately 200 lines of code, hesethequirements for
outputted predictions: perfect seed region binding, a tbthd dbase pairs between the
MIiRNA and target gene sequences, and a binding enerdy ef-24 kcal/mol. The
binding energy was arbitrarily determined in order to naown the set of predictions
to a manageable size.

The two main classes of miRNA targets are one congistf target sites showing
at least perfect complementarity to the seed regidtheomiRNA and the second
consisting of those with limited base pairing to therisl ef the miRNA but extensive
base pairing to the 3’ end to compensate [8]. The probeang developed combines the
two types of target sites in hopes of obtaining the bestigied interactions. In other
words, seed region binding is necessary, as well asstxtemase pairing to the 3’ end of
the miRNA.

A total of four programs were developed. The first takéke with all human
MIiRNA sequences known to date and a second file w3t TRs of all human genes.
Taking one miR sequence and one 3’ UTR at a time, tlgrgomochecks first for perfect
seed region binding and then the presence of eight atheislbetween the remaining
upstream bases, allowing for loops to form in the miRNB&low is an example of the
occurrence of such a loop:
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Figure 1. Interaction between miR-7 and target gene witfleqgieseed region
binding, one loop in the MIRNA sequence, and extensive basegpai the 3’
end of the miR [9].

The second program takes the set of predictions frorfirghigprogram and passes it
through RNAhybrid, a program that calculates the mininmem® energy of hybridization
between the miR and target gene. A sample of the progu#put is shown below:



microRNA miR sequence Gene name |Gene sequence Starting nt [Ending nt |Matches |Binding energy
Homo sapiens miR-17% ACUGCAGUGAAHYImentin GCTTTCAAGTGCCT] 1430 1452 19]-32.8 kcalfrmol
Homo sapiens let-7h LGAGGUAGUAGTYimentin GALAACAGCTTCALCT 7ES 783 18]|-24 6 kcalfmal
Homo sapiens mik-1134 CCUGCAGCGACUYimentin CAGCTTTCAAGTGE 1428 1452 17]-24 6 kcalfmal
Homo sapiens miR-1275 GUGGGEGEGEAGAG]Yimentin CACAATTGLCTCTC 272 291 158]-34.7 kcalfmal
Homo sapiens miR-609-3-5p  |UACUGCAGACGUVimentin GCTTTCAAGTGCCT] 1430 1453 18]-24 4 kcalfmol

Figure 2. Sample output from program filtering out intecas with free energies of
hybridization greater than -24 kcal/mol.

The third and fourth programs take the final output and ctlethe average number of
genes targeted by one miRNA and the average number of AsiRi¥geted by one gene.
Subsequent comparison of these averages to correspeadlieg of existing programs is
one way to assess of the validity of the current progra
In addition to developing the program, Western blots wlere to test select
proteins predicted to be targeted by miR-17-3p for which angbadere readily
available: RAB8B, PPP2CA, and PPIA. Differences in pnogégpression were noted
between P69, a normal and non-tumorigenic subline, M12, vidigighly tumorigenic
and metastatic, and M12 with overexpression of miR-17-3gels of miRNAs should
theoretically decrease in expression following angase of the miRNA. In fact, the
protein levels appeared to either remain constant oraserepon overexpression of miR-
17-3p in M12 cells. The results confirmed the need focteation of an improved

computational tool.

In addition to vimentin, E-cadherin, a key epitheliarker whose expression
should theoretically decrease with metastasis, wastigated. Using the intersection of
PicTar, TargetScan, and RNA22, one miRNA was foundrgetd-cadherin: miR-9.
Using the current program under development, miR-9 wasgbeeldio target four
different regions of the 3° UTR of E-cadherin.

Goalsfor Academic Y ear
There is a considerable amount of work to be done Wélptogram in the
coming school year. First, the program as it standsvaéd to be measured against
other tools. Most likely, additional features will neede considered for
implementation into the program.
Once the program is complete, the top predictions witidsted in the lab
depending on availability of equipment and materials atédnlt University. Results
from laboratory testing will hopefully lead to a betigea of the roles of vimentin and
other key proteins, not to mention factors (i.e. miRN&#cting the expression of said
proteins in the prostate tumor microenvironment.

Plansfor Academic Year
Evaluation of the program will include calculating speg§iand sensitivity
values and comparing the results to those obtained frben ptograms. In addition, the
averages of the number of targets for one miRNA aritdleohumber of miRNAs
targeting one gene will be used to determine whether mamgestt rules regarding

possible interactions need to be imposed.

Many additions to the program have been investigated, suatcaunting for
loops in the target gene, as opposed to solely in thélAisequence. Another




possibility is to give priority to those predictions withatesely less complex duplex
structures, such as fewer or smaller loops, and thte@ations in which the miRNA is
predicted to target more than one region of the 3' UARRyas predicted with miR-9.
The decision as to which factors will be incorporated the program will be based on
previous studies, so much of this process will involveditgre research.

Once the program is completed, predicted interactiondevilested in the lab.
First, the target protein region will be fused to lir@ferase reporter gene. Luciferase
activity will be observed after transfection into btMti2 cells lacking miR-17-3p and
M12 cells with a stable over-expression of miR-17-3p. rEselts should indicate a
reduction in reporter gene activity in the presence &-i-3p. To confirm that the
results are due to the binding of miR-17-3p, a mutationbgilinade in either the target
sequence or the seed region of the miRNA. If miR-17-3pirognd in fact the cause of
reduction in gene expression, there should be no diifere luciferase activity between
the M12 and M12+miR-17-3p cells. Second, a Western blobwilised to measure and
compare endogenous expression of the predicted targetk2iraitl M12+miR-17-3p,
depending on antibody availability. It is expected thategn levels should decrease in
M12+miR-17-3p cells. Third, g-RT-PCR will be used to quantiigN\ levels for the
specific protein targets and to determine whether miR-17-Bpeidering through
MRNA degradation or by repressing translation. The tesull be compared to
proteomic analyses of human prostate tumors.
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