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FIG-1 Plasmid pSSMT1 carrying both tTR 
KRAB and tetO-Pu. 
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Transfect 293T cells with both pSSMT-l-Lib and mir-21 

5, 
Select in the presence of puromycin (1.5 ug/ml) 

Pick up resistant colonies into 24-well plate 

R Isolate genomic DNA and PC to recover positive sequences 

Re-clone into pSSMT-l 

g 
Test puromycin resistance 

Sequencing Verification by luciferase assay 

FIG. 5 selection procedure 
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FIG. 6A 

FIG. 6B 

Puromycin 

_ Schematic description for validation of miR-21 target 
TPM1 by the selection system. 
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FIG. 15A 

Table 1 Summary of putative mir-ZI targets* 

US 8,852,926 B2 

Clone Name Access Number 

1 Programmed cell death 4 (PDCD4) NM_014456 
2 Maspin NM_002639 
3 Cytokeratin 8 (KRT8) NM~002273 
4 Transmembrane protein 98 (TMEM98) NM 001033504 
5 Ribosomal protein L3 (RPL3) NM 000967 
6 Fission 1 (mitochondrial outer membrane) NM 016068 
7 Guanine nucleotide binding protein (G protein), NM 006098 

beta polypeptide 2-like l (GNB2L1) 
8 Small nuclear ribonucleoprotein polypeptide A NM 004596 

(SNRPA) 
9 Ribosomal protein S11(RPSl l) MVI 001015 
10 Ribosomal protein L18a (RPLlSA) NM 000980 
11 Phosphatidylinositol 3,4,5-trisphosphate- NM 020820 

dependent RAC exchanger 1 (PREXI) 
12 KIAAO841 XM 945890 
13 Pyrrolined-carboxylate reductase l (PYCRI) NM 006907 
14 Rogdi homolog (Drosophila) (ROGDI) NM 024589 

* these clones revealed at least 30% reduction of luciferase activity by mir-Z] compared to 
vector control, in addition to resistance to puromycin. 

Table 2 Genes for target validation 

1.Tumor promoting genes Accession # 3’—UTR (lop) 

HERZ/ne u, 
ERa, 
k~Ras, 
Myc, 
CCND1, 
bcl~2 
chQ 

2.Tumor suppressors 

p27, 
RB, 
pdcd4 

3.Resistance-related genes 

DHFR, 
bcl—Z, CCND'I and Ub09 

NM_OO4448 
NM_OOO1 25 
N M_033360 
NM_002467 
N M_053056 
N M_000633 
NM_OO3345 

NM_004064 
NM_000321 
NM_014456 

NM__000791 

618 
4208 
4685 
488 
3207 
5279 
596 

FIG. 15B 

1360 
1819 
1938 

2876 
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GENETIC SELECTION SYSTEM FOR 
IDENTIFICATION OF MICRORNA TARGET 

GENES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a nonprovisional of and claims priority 
to US. Provisional Application Ser. No. 61/000,336, ?led 
Oct. 25, 2007, which document is hereby incorporated by 
reference to the extent permitted by law. 

STATEMENT OF GOVERNMENT SUPPORT 

This invention was made with government support under 
grant number W81XWH-06-1-0604 and grant number 
W81XWH-08-1-0658 awarded by the US. Army Medical 
Research Acquisition Activity. The government has certain 
rights in this invention. 

BACKGROUND OF THE INVENTION 

The present invention generally relates to an expression 
cassette comprising a 3'-UTR cDNA library fragment, mam 
malian cells transfected with the expression cassette, and kits 
comprising the same. Furthermore, methods for identifying 
target genes for microRNAs are provided that utilize the 
expression cassette hereof. 
MicroRNAs are a class of naturally-occurring small non 

coding RNAs that control gene expression by translational 
repression or mRNA degradation (1 -3). They are abundantly 
expressed and could comprise 1-5% of animal genes (4). 
Since the discovery of lin-4 and let-7 in Caenorhabditis 
elegans (5-7), over six thousand microRNAs have been iden 
ti?ed in a variety of organisms, including plants, ?ies and 
animals through the genomics and bioinformatics effort (8). 
Like protein-coding genes, microRNAs are transcribed as 
long primary transcripts (pri-microRNAs) in the nucleus. 
However, distinct from protein-coding genes, they are subse 
quently cleaved to produce stem loop structured precursor 
molecules (pre-microRNAs) of 70-100 nucleotides (nt) in 
length by the nuclear RNase III enzyme Drosha (9). The 
pre-microRNAs are then exported to the cytoplasm by expor 
tin-5 (10) where the RNase III enzyme Dicer further pro 
cesses them into mature microRNAs (~22 nt). One strand of 
the microRNA duplex is subsequently incorporated into the 
RNA-induced silencing complex (RISC) that mediates target 
gene expression. Although the microRNA pathways leading 
to gene silencing are not fully understood yet, evidence indi 
cates that they target mRNAs for translational repression or 
mRNA cleavage (11, 12). Since microRNAs are able to 
silence gene expression by binding to the 3'-untranslated 
region (3'-UTR) of the gene with partial sequence homology, 
a single microRNA usually has multiple targets (13). Thus, 
microRNAs could regulate a large fraction of protein-coding 
genes. Indeed, as high as 30% of all genes could be 
microRNA targets (11, 14). In essence, microRNAs can be 
considered to be modulators of gene regulators and they can 
cooperate with transcription factors. Together, microRNAs 
and transcription factors determine gene expression patterns 
in the cell (15). Therefore, the discovery of microRNAs adds 
a new layer of gene regulation to the complex gene expression 
network. 

Given the important role of microRNA in regulating cel 
lular pathways, it has been found that a unique set of microR 
NAs (or microRNA signatures) are often associated with 
human cancer. Lu et al. reported a general downregulation of 
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a number of microRNAs in tumors compared with normal 
tissues in multiple human cancers (16). Of considerable inter 
est, microRNA expression pro?les are able to successfully 
classify poorly differentiated tumors whereas mRNA pro?les 
are highly inaccurate for the same samples (16). MicroRNA 
signatures have also been reported in other types of cancers, 
including chronic lymphocytic leukemia (CLL) (17), lung 
cancer (18), pituitary adenomas (19), uterine leiomyomas 
(20) and adult acute myeloid leukemia (AML) (21). In lung 
cancer, microRNA expression pro?les correlate with survival 
of lung adenocarcinomas, including those classi?ed as dis 
ease stage I; high miR-155 and low let-7a-2 expression cor 
relates with poor survival (18). Hierarchical clustering analy 
sis of microRNA expression pro?les is able to distinguish 
tumor from normal pancreas, pancreatitis and cell lines (22). 
In pituitary adenomas, 30 microRNAs are differentially 
expressed between normal pituitary and pituitary adenomas 
and among them, 24 microRNAs can serve as a predictive 
signature of pituitary adenoma and 29 microRNAs are able to 
predict pituitary adenoma histotype (19). In human uterine 
leiomyomas, 31 of 206 microRNAs examined reveal a dis 
tinct microRNA expression pro?le associated with tumor size 
and race (20). More interestingly, a solid cancer microRNA 
signature is suggested by a large portion of overexpressed 
microRNAs from a large-scale miRnome analysis on 540 
samples, including lung, breast, stomach, prostate, colon, and 
pancreatic tumors (23). Together, these ?ndings highlight the 
potential of microRNA pro?ling in cancer diagnosis (16). 
The fundamental role of microRNAs in regulating cellular 

pathways suggests that deregulation of microRNAs affects 
normal cell growth and development, leading to a variety of 
disorders including neurological diseases (24) and human 
cancer (12, 25-28). Speci?c overexpression or underexpres 
sion has been shown to correlate with particular tumor types 
(16, 17, 32-34) because overexpression ofa particular set of 
microRNAs could result in down-regulation of tumor sup 
pressor genes, whereas their underexpression could lead to 
oncogene up-regulation, suggesting that microRNAs may 
function as either oncogenes or tumor suppressor genes (29). 
Since microRNAs are often located at fragile sites or in 
repetitive genomic sequences of chromosomal regions (30), 
this may explain why microRNA expression deregulation 
occurs frequently in human cancer. For instance, 68% of 
investigated patients suffering from B-cell chronic lympho 
cytic leukemia (CLL) have been shown to have a deletion 
located at chromosome 13q14 where the miR-15 and miR-16 
genes reside and are under-represented in many B-CLL 
patients (31). 

Apparently, whether a microRNA functions as an onco 

gene or tumor suppressor is largely determined by the target 
genes of each particular microRNA. For example, tumor sup 
pressive microRNAs, such as let-7, miR-15 and miR-16, are 
able to suppress expression of oncogenes. let-7 suppresses ras 
oncogene and is downregulated in lung cancer (32); miR-15 
and miR-16 suppress Bcl-2 anti-apoptotic gene, and they are 
deleted or downregulated in leukemia (31, 33). In contrast, 
oncogenic microRNAs can silence tumor suppressor genes. 
miR-17-5p and miR-20a control the balance of cell death and 
proliferation driven by the proto-oncogene c-Myc (34) and 
miR-17-5p serves as an oncogene in lymphoma and lung 
cancer (35, 36). Similarly, a cluster consisting of miR-372 
and miR-373 have been shown to function as oncogenes in 
testicular germ cell tumors by suppressing the p53 pathway 
(37). Moreover, it has been demonstrated by the present 
inventors and others that antisense miR-21 oligonucleotide 
suppresses tumor cell growth which is associated with 
increased apoptosis and decreased cell proliferation (38, 39) 
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thereby suggesting that miR-21 is an oncogene. The present 
inventors and others subsequently identi?ed the tumor sup 
pressor gene tropomyosin 1 (TPMl) as a direct miR-21 target 
gene (40). Furthermore, miR-21 also plays a role in cell 
invasion and tumor metastasis, which is likely through regu 
lation of multiple miR-21 target genes, such as TPM1, pro 
grammed cell death 4 (pdcd4) and maspin (41). Of interest, 
certain microRNAs may speci?cally modulate only tumor 
metastasis. For example, miR-10b functions as a metastasis 
initiation factor and overexpression of miR-10b causes breast 
tumor invasion and metastasis, but it has no effect on primary 
tumor growth (42). On the other hand, miR-335 suppresses 
metastasis and migration through targeting of the progenitor 
cell transcription factor SOX4 and extracellular matrix com 
ponent tenascin C (43). 

Since microRNAs regulate cellular pathways by suppres 
sion of their speci?c target genes, identi?cation of microRNA 
target genes is critical to the understanding of molecular 
mechanisms of microRNA-mediated tumori genesis. Compu 
tational algorithms have been a major driving force in pre 
dicting microRNA targets (44-46). The approaches are 
mainly based on base pairing between microRNA and target 
gene 3'-UTR, emphasiZing the location of microRNA 
complementary elements in 3'-UTR of target mRNAs, the 
concentration in the seed sequence (6-8 bp) of continuous 
Watson-Crick base pairing in 5' proximal half of the 
microRNA and the phylogenetic conservation of the comple 
mentary sequences in 3'-UTRs of orthologous genes. They 
provide very useful primary sources in search for microRNA 
targets. However, despite the fundamentally similar 
approaches used for the published screens for microRNA 
targets, predicted targets for a given microRNA often vary 
among different methods. Presumably the approaches differ 
in certain important details, such as de?ning phylogenetic 
conservation, thermodynamic and statistical factors applied 
to score and rank predicted sites. The fact that mature microR 
NAs are short and typically contain several sequence mis 
matches with their target transcripts has complicated compu 
tational target predictions. This might explain why computer 
aided algorithms are still unable to provide a precise picture 
of microRNA regulatory networks. In addition, a recent 
report indicates that perfect seed pairing is not a generally 
reliable predictor for miRNA-target interactions at least in 
some cases (47, 48), which further highlights the dif?culty of 
microRNA target predictions. Thus, they can only serve a 
complementary approach and certainly need in vivo experi 
mental validations. Another challenge is that it is not clear 
whether a microRNA can target mRNA which does not carry 
a putative binding site for this microRNA. If this is the case, 
such a target gene may escape from these prediction methods 
because all of them are mainly based on sequence homology 
between microRNA and mRNA. More recently, there are 
reports that microRNAs are able to bind to 5'-UTR or coding 
regions and silence or even enhance the corresponding genes. 
These ?ndings suggest that microRNAs are not necessarily 
restricted to the 3'-UTR to exert their function. However, the 
currently prediction methods are mainly based on the 
3'-UTR. In other words, some microRNA targets would also 
escape from these prediction methods. 

Regarding microRNA prediction methods, currently there 
is no clear consensus as to which one is most reliable. The 

present inventors have compared four commonly cited 
microRNA target prediction programs, TargetScan4 (49), 
miRBase Target5 (http://microma.sanger.ac.uk/targets/v5/), 
PicTar (50) and miRanda (http://www.microma.org) (51). In 
general, miRBase Target5 and miRanda tend to predict more 
targets than TargetScan4 or PicTar does presumably because 
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the ?rst two programs do not weigh as much on conservations 
among different species as the other two programs. Using 
miR-21 as an example, miRBase Target5 and miRanda pre 
dict 1000 and 2501 targets, respectively. On the other hand, 
TargetScan4 and PicTar predict 186 and 175 targets, respec 
tively. However, only a small fraction of predicted targets 
among these methods overlap thereby suggesting that each 
method has its own unique set of parameters. For example, 
some of these models have recently been re?ned to consider 
the presence of secondary structures and other features of the 
3'-UTR sequence surrounding the target site, and for the 
ability of complementarity at the 3' end of the cognate 
miRNA to compensate for imperfect seed matching (49, 52). 
Nevertheless, despite these efforts, little is known about the 
prediction accuracy of these methods because only a very 
limited number of targets have been experimentally vali 
dated. Therefore, there is a need in the art for systematic target 
validation methods. 

Microarray technology could be one of target validation 
approaches because it is capable of determining expression of 
potential microRNA targets at the mRNA level (53, 54). 
However, given that a large fraction of microRNA target 
genes are silenced by the translation repression mechanism, 
those microRNA targets may escape from the microarray 
detection. Alternatively, microRNAs can be used as endog 
enous cytoplasmic primers to synthesize cDNA on an mRNA 
template (55) such that recovered primers would presumably 
be functional microRNAs. However, this is technically chal 
lenging because of limited sequence homology between 
mRNA and microRNA. In addition, it could be extremely 
dif?culty to recover those microRNAs that can cause mRNA 
degradation. Alternatively, biochemical or proteomic meth 
ods have been used for this purpose (56-61), but they could be 
labor intensive. 

Currently, in research laboratories a common approach to 
validate whether a gene is a direct microRNA target involves 
cloning of the 3'-UTR of this gene into a reporter (e.g., 
luciferase), followed by reporter assays. It is further veri?ed 
to be suppressed by a given microRNA at the mRNA level 
(e.g., real-time RT-PCR) or at the protein level (e.g., Western 
blot). Apparently, validation of multiple microRNA targets 
with this approach needs a high throughput screening system 
because each microRNA will have to be individually tested 
against a given UTR sequence, which requires intensive labor 
and costly reagents (FIG. 13 right). Therefore, the selection 
system described here will save tremendous time and cost 
because this method allows selection of positive microRNA/ 
mRNA interactions (FIG. 13 left). 

The genetic selection method of the present invention rep 
resents a unique systematic validation system for microRNA 
targets that provides a comprehensive picture of microRNA/ 
mRNA interactions for a given gene or a given microRNA. 
One of the advantages of this system is that it allows for the 
determination of microRNA/mRNA interactions whether 
mRNA degradation or translation repression is involved or 
whether conserved microRNA binding sites are required. 
Moreover, this is a simple but powerful selection method that 
does not require intensive labor or costly instrument and 
reagents and it is suitable for a large number of microRNAs or 
target genes. 
The following references that are referred throughout this 

disclosure are hereby incorporated by reference in their 
entirety to the extent permitted by law. These references 
merely serve to support the invention and to provide back 
ground and context. Applicant reserves the right to challenge 
the veracity of any statements therein made. 
























