
 

                                       AD_________________ 
                                           
 
 
Award Number: W81XWH-06-1-0270 
 
 
TITLE: A microRNA cluster as a potential breast cancer oncogene 
  
 
PRINCIPAL INVESTIGATOR: Gregory J. Hannon, PhD  
                                                 
                           
CONTRACTING ORGANIZATION: Cold Spring Harbor Laboratory 
                          Cold Spring Harbor, NY 11724 
 
 
REPORT DATE: March 2009 
 
 
 
TYPE OF REPORT: Final 
 
 
PREPARED FOR:  U.S. Army Medical Research and Materiel Command 
               Fort Detrick, Maryland  21702-5012 
                 
 
DISTRIBUTION STATEMENT:  
 
       Approved for public release; distribution unlimited 
      
    
  
 
 
The views, opinions and/or findings contained in this report are 
those of the author(s) and should not be construed as an official 
Department of the Army position, policy or decision unless so 
designated by other documentation. 
 
 
 



REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 0704-0188 
Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the 
data needed, and completing and reviewing this collection of information.  Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing 
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA  22202-
4302.  Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently 
valid OMB control number.  PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 
1. REPORT DATE (DD-MM-YYYY) 
01-03-2009 

2. REPORT TYPE 
Final 

3. DATES COVERED (From - To) 
 02/01/2006 – 01/31/2009 

4. TITLE AND SUBTITLE 
A microRNA cluster as a potential breast cancer oncogene 
 
 
 
 
 
 
 

5a. CONTRACT NUMBER 
  

 
 

5b. GRANT NUMBER 
W81XWH-06-1-0270 

 
 

5c. PROGRAM ELEMENT NUMBER 
 

6. AUTHOR(S) 
 
 
 
 

5d. PROJECT NUMBER 
 

Gregory J. Hannon, PhD 
 
 

5e. TASK NUMBER 
 

 
 
 
 

5f. WORK UNIT NUMBER 
 
 7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

 
AND ADDRESS(ES) 

8. PERFORMING ORGANIZATION REPORT   
    NUMBER 

Cold Spring Harbor Laboratory 
  
Cold Spring Harbor, NY 11724 
 

 
 
 
 
 

 
 
 

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 
 U.S. Army Medical Research and Materiel Command   
 Fort Detrick, MD  21702-5012  11. SPONSOR/MONITOR’S REPORT  
        NUMBER(S) 
12. DISTRIBUTION / AVAILABILITY STATEMENT 
 
Approved for public release; distribution unlimited 
 
 13. SUPPLEMENTARY NOTES 
 
14. ABSTRACT 
To date, most cancer research has focused on alterations in the sequence, gene structure, 
copy number and expression of protein coding genes. However, there are increasing studies 
discovered that a diversity of non-coding RNAs decoded in the genome also plays an essential 
role in cancer. MicroRNAs (miRNAs), which are small, 21-24nt RNAs generated by the key enzyme 
Dicer, represent a prominent class of such non-coding RNAs. It has been reported that some 
miRNAs act as oncogenes to promote tumor formation in collaboration with protein-coding 
oncogenes. On the other hand, several miRNAs are found to function as tumor suppressors. Our 
previous study revealed a miRNA family, miR-34, as direct transcriptional target of p53, the 
master tumor suppressor gene. To address the role of miR-34 in cancer formation and 
maintenance, we generated cell lines over- expressing miR-34. We have demonstrated that 
ectopic expression of miR-34 in both primary and tumor cell lines can induce growth arrest 
through repression of cell cycle genes, and we have shown in animal models that tumor cells 
over expressing miR-34 have disadvantage in tumor initiation and maintenance. Our work placed 
miRNAs as one of the central mediators of p53 tumor suppressor network, which plays an 
important role in many cancer types, including breast cancer. 

15. SUBJECT TERMS 
microRNA, breast cancer, non-coding RNA 

16. SECURITY CLASSIFICATION OF:  
 

17. LIMITATION  
OF ABSTRACT 

18. NUMBER 
OF PAGES 

19a. NAME OF RESPONSIBLE PERSON 
USAMRMC 

a. REPORT 
u 

b. ABSTRACT 
u  

c. THIS PAGE 
u 

UU 
 

 11
 

19b. TELEPHONE NUMBER (include area 
code) 
 
  Standard Form 298 (Rev. 8-98) 

Prescribed by ANSI Std. Z39.18 



 3 

 
 
                                                                                                                         Page 
 

 

 

 

 

 

 

 

Introduction…………………………………………………………….………..…..4 

 

Body…………………………………………………………………………………...5-7 

 

Key Research Accomplishments………………………………………….……..8   

 

Reportable Outcomes………………………………………………………………8-9      

 

Conclusion……………………………………………………………………………9-10 

 

References……………………………………………………………………………10-11 

 

Appendices……………………………………………………………………………  

          
 
 
 
 
 
 

Table of Contents



                  4 

 
Introduction 
 
Cancer arises from genetic lesions that result in uncontrolled proliferation, cell survival, loss of 
differentiation and invasive growth. So far, cancer studies have focused on genetic alterations 
in protein coding genes. It is only recently that non-coding RNAs, in particular, microRNAs 
(miRNAs) have been shown to play important roles in cancer. Since then, a number of studies 
further support the idea that miRNAs can be components of oncogenic and tumor suppressor 
networks. 
 
MiRNAs are small, non-coding RNAs which regulate gene expression through 
post-transcriptional repression. Nascent miRNA transcripts (pri-miRNAs) are first transcribed 
from the genome, and then processed sequentially by two key ribonuclease III enzymes, 
Drosha and Dicer, to generate mature miRNAs duplexes which are 21nt to 24nt in length. 
Usually, one strand from the miRNA duplex is incorporated into the effector complex, the 
RNA-induced silencing complex (RISC). RISC recognizes specific target mRNAs through 
imperfect base-pairing, and down-regulates their expression by post-transcriptional gene 
silencing. 
 
MiRNAs recognize their target genes by binding to their complementary base-pairing sites on 
the target mRNA. A series of mutational analyses indicated that the most critical interactions 
between the miRNA and its targets occur within the 5’ region of the miRNA. Therefore, the eight 
nucleotides at the 5’ end of a miRNA are designated as the “seed” sequence, whose 
complementarity to the target mRNA has been employed to search for candidate targets. In a 
recent study by Lewis et al., more than 5300 human genes are predicted as conserved miRNA 
targets, representing 30% of human genome.  
 

Increasing evidence has suggested that miRNAs are components of oncogene and tumor 
suppressor pathways. Inappropriate expression and structural alterations of miRNA genes have 
been found in a variety of tumor types, and several functional studies have shown the 
oncogenic or tumor-suppressive potential of specific miRNA families. Our study uncovered the 
miR-34 family of miRNAs in the p53 tumor suppressor network. The functional study of miR-34 
has shown that miR-34 possess anti-proliferative potential by repressing cell cycle genes. 
Deletion of miRNAs of the miR-34 family has been reported in several human tumours and 
cancer cell lines. And our animal data has indicated miR-34 may act as tumor suppressor which 
may afford new opportunities for diagnosis and treatment of human cancer. Furthermore, the 
generation of miR-34 knockout animals provides a platform to characterize mir-34’s role in 
various mouse cancer models, including breast cancer. 
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Body 
 
Creation of Dicer deficient cells and animals 
 
Dicer is a ribonuclease enzyme that is involved in the biogenesis of miRNAs and other small 
RNAs. To elucidate the role of Dicer and miRNAs in mammals, and particularly in cancer, we 
created embryonic stem (ES) cells with a conditional targeted allele of Dicer. We found that 
once induced to delete Dicer, these cells were deficient in proliferation. Indeed, most Dicer 
deficient ES cell clones were unable to outgrow.  
 
To further investigate this phenotype, we used the ES cells to establish a mouse line harboring 
the conditional Dicer allele. This system was used to delete Dicer in various adult and 
developmental compartments, including oocytes, skin and brain. Interestingly, we found that 
there is a requirement for Dicer for the correct assembly and function of the meiotic spindle in 
ooyctes.  
 
 
Conditional expression of miR-34 in tumorigenesis 
 

Our previous study showed that constitutive 
expression of mir34 in liver tumor cells resulted 
in delayed tumor growth. To better understand 
mir-34’s role in suppressing tumorigenesis, we 
generated a model that allows conditional 
expression of mir34. In this system, the miRNA 
is not expressed in the absence of tetracycline 
(or its analog, Doxycycline, Dox) but is acute 
induced upon Dox treatment. Upon tumor 
manifestation, animals can be treated with Dox 
or left untreated, and tumor growth monitored 
by bioluminescence imaging or overall survival. 
To ensure a homogenous mir-34 induction, we 
selected single cell clones. We’ve observed two 
different phenotypes among the single cell 

clones, some undergo apoptosis after Dox treatment while the other showed a senescence 
phenotype. Several cell clones were tested in vivo. Clone 1 showed a possible apoptosis 
phenotype and tumors regressed after mir-34a activation (Fig 1). Clone 2 and clone 3 showed a 
cellular senescence phenotype upon Dox treatment, and it was soon apparent that all tumors 
halted growth as compared to the untreated tumors (data not shown), Overall, these results 
imply that miR-34 can act as tumor suppressors in vivo.  
 
In vivo delivery of miR-34a siRNA in mouse model 
 

Recent advances in in vivo delivery of synthetic miRNA or its antagonists suggest miRNA 
can be applied as cancer therapy. We next investigated the possibility of using tumor 
suppressor miR-34a small RNA as potential therapeutic tools.  

 
Fig 1. Acute induction of mir34-a results in 
complete tumor regression. (clone 1) 
In some clones, miR-34a induction leads to 
complete remission of S.C. tumors. 
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We 
transplanted 

p53-/-; 
Ras-IRES-Luci
ferase tumor 
cells into the 
livers of 
recipient mice 
(Fig 2). The 
lucifease tag 
allowed us 
imaging and 

quantifying 
tumor burden 
in mice. We 

used 
invivofectamin

e ® reagents 
for in vivo 
delivery of 

miR-34a 
siRNA. 

Invivofectamin
e® is a 

liposome 
based RNAi 

delivery 
technique 

(InvitrogenTM). 
Intravenous injections (i.v.) of chemically modified small RNA duplex can efficiently deliver 
siRNA to organs such as lung, kidney, liver and spleen. This technique features high stability 
against nucleases, minimal induction of the interferon response and easy tracking of 
administered RNAi duplexes using fluorescently labeled siRNA duplex.  

As shown in Fig 2A, we treated a subset of our tumor harboring mice with miR-34a siRNA by 
two doses of i.v. injections and the other mice with control siRNA. The control mice survived 
11.25+1.89 days post treatment and the mice receiving miR-34a injection significantly improved 
survival (16.67+3.06 days). In contrast, a commonly used chemotherapy drug Doxodubicin, 
failed to provide survival advantage in the same experiment setting (Fig 2B). Using in vivo 
bioluminescence imaging, we confirmed that miR-34a siRNA delays the progression of tumor 
growth (Fig 2C).These results suggest the potential of using miR-34a siRNA as a tool in cancer 
therapy. 
 
Development of miR-34a knockout animals 
 

Our previous analysis of mir-34’s function reveals its role in mediating cell cycle arrest and 
suppressing a family of cell cycle related genes. To further explore mir-34’s function in p53 
mediated tumor suppression network, we created constitutive loss-of-function alleles for 

 
Figure 2. Testing in vivo delivery of mIR-34a siRNA in a mouse model of liver 
cancer. (A) C57/B6 mice were transplanted with p53-/-;Ras liver tumor cells into the liver. 
21 days post transplantation, the mice were treated with miR-34a siRNA or control siRNA 
in invivofectamine reagents. Kaplan-Meier curves shows survival of the mice. The first 
treatment is set as D0. (B) B6 mice receiving transplantation of p53-/-; Ras liver tumor cells 
were treated with chemotherapy drug Doxorubicin or vector (control). Kaplan-Meier curves 
shows survival of the mice as in (A). (C) Luciferase imaging of the mice treated with 
miR-34a or control siRNA indicates the delayed tumor progression in mice treated with 
miR-34a siRNA..  
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mir-34s in mice and tried to use these animals 
as a platform to characterize mir-34’s role in 
various mouse cancer models. 

We constructed the constitutive 
knock-out alleles of mir-34s in which the 
primary miRNA transcript is replaced by LacZ 
(the gene encoding -galactosidase). 
Targeted ES cells were microinjected into 
blastocysts by Dr. Sang Yong Kim in the 
CSHL animal facility. The chimeric mice were 

born and were bred for germline transmission. Heterozygous mir-34a deficient animals were 
obtained through successful germline transmission (Fig 3), and we set up heterozygous to 
heterozygous cross to obtain mir-34a null mice.   

 
Generation of miR-34a deficient cell lines 
 

Mir-34a null mice were born from heterozygous to heterozygous cross and showed no 
obvious prenatal or postnatal developmental defects. We’ve generated MEF (mouse embryonic 
fibroblast) from mir-34a null and paired wild type embryos. Southern blotting shows successful 
deletion of mir-34a in the nulls compared to wildtype (Fig 4 up-left). Similar results were 
obtained by genomic PCR using allelic specific primers (Fig 4 lower-left).QPCR analysis shows 
there is undetectable (ND) mir-34a mature miRNA in the knockout MEF population (Fig 4 right) 
where as mir-34b,c are expressed at normal level. 

We are in the process of characterizing the phenotype of mir-34a knockout MEF. As 
mir-34a is induced by p53 and its overexpression resulted in cell cycle arrest or apoptosis, we 
hypothesized that loss mir-34a allele may lead to increased cell proliferation and protection 
against irradiation induced apoptosis. Preliminary data showed that mir34-/- MEF, like the 
p53-/-, grow faster than wildtype MEF in the population doubling assay. BrdU incorporation 
assay showed there are more S phase cells in mir-34a null MEF (data not shown).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
Figure 3: Crossing miR-34a heterozygous mice to 
make null mice. Southblot to genotype hetergzygous 
miR34+/- mice.  

 
Figure 4 (A) Southern blot of paired wildtype and miR-34a-/- MEF. (B) PCR from genomic DNA. 
(C) QPCR using primers detecting mature miR-34a,b, or c. ND, not detectable. 
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Key Research Accomplishments 
 

• The generation of Dicer deficient cell lines and mice  
• The identification of a miRNA family, miR-34, as direct transcriptional target of p53 tumor 

suppressor, mediating cell cycle arrest and apoptosis. 
• Conditional expression of miR-34a in tumor cells result in delayed tumor growth or even 

tumor regression 
• In vivo delivery of miR-34a as potential tool of cancer therapy 
• The development of miR-34a knockout animals and cell lines 

 
 
Reportable outcomes 
 
Manuscripts 
 
He X, He L, Hannon GJ. The guardian's little helper: microRNAs in the p53 tumor suppressor 
network. Cancer Res. 2007 Dec 1;67(23):11099-101. 
 
He L, He X, Lowe SW, Hannon GJ. microRNAs join the p53 network--another piece in the 
tumour-suppression puzzle. Nat Rev Cancer. 2007 Nov;7(11):819-22.  
 
He L, He X, Lim LP, de Stanchina E, Xuan Z, Liang Y, Xue W, Zender L, Magnus J, Ridzon D, 
Jackson AL, Linsley PS, Chen C, Lowe SW, Cleary MA, Hannon GJ. A microRNA component 
of the p53 tumour suppressor network. Nature. 2007 Jun 28;447(7148):1130-4.  
 
Qi Y, He X, Wang XJ, Kohany O, Jurka J, Hannon GJ. Distinct catalytic and non-catalytic roles 
of ARGONAUTE4 in RNA-directed DNA methylation. Nature. 2006 Oct 26;443(7114):1008-12. 
 
De Pietri Tonelli D, Pulvers JN, Haffner C, Murchison EP, Hannon GJ and Huttner WB (2008) 
MiRNAs are essential for survival and differentiation of newborn neurons but not for expansion 
of neural progenitors during early neurogenesis in the mouse embryonic neocortex. 
Development. Dec;135(23):3911-21 
 
Benetti R, Gonzalo S, Jaco I, Muñoz P, Gonzalez S, Schoeftner S, Murchison EP, Andl T, Chen 
T, Klatt P, Li E, Serrano M, Millar S, Hannon GJ, and Blasco MA. (2008) A mammalian 
microRNA cluster controls DNA methylation and telomere recombination via Rbl2-dependent 
regulation of DNA methyltransferases. Nat. Struct. Mol. Biol. March 15(3):268-79 
 
Chen J-F, Murchison EP, Tang R, Callis TE, Tatsuguchi M, Deng Z, Rojas M, Hammond SM, 
Schneider MD, Selzman CH, Meissner G, Patterson C, Hannon GJ and Wang D-Z (2008) 
Targeted deletion of Dicer in the heart leads to dilated cardiomyopathy and heart failure. Proc. 
Nat. Acad. Sci. Feb 12;105(6):2111-6. 
 
Kim J, Inoue K, Ishii J, Vanti WB, Voronov SV, Murchison EP, Hannon G, Abeliovich A (2007) A 
MicroRNA feedback circuit in midbrain dopamine neurons. Science. 2007 Aug 31; 
317(5842):1220-4. 
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Murchison EP, Stein P, Xuan Z, Pan H, Zhang MQ, Schultz MA and Hannon GJ (2007) Critical 
roles for Dicer in the female germline. Genes Dev. 2007 March 15; 21(6):682-93 
 
Hannon GJ, Rivas FV, Murchison EP, Steitz JA (2006) The expanding universe of noncoding 
RNAs. Cold Spring Harbor Symp. Quant. Biol. 71:551-64 
 
Andl T, Murchison EP, Liu F, Zhang Y, Yunta-Gonzalez M, Tobias JW, Andl CD, Seykora JT, 
Hannon GJ and Millar SE (2006) The miRNA-processing enzyme dicer is essential for the 
morphogenesis and maintenance of hair follicles. Curr. Biol. 2006 May 23;16(10):1041-9 
 
Murchison EP, Partridge JF, Tam OH, Cheloufi S and Hannon GJ (2005) Characterization of 
Dicer deficient murine embryonic stem cells. Proc. Nat. Acad. Sci.  Aug 23;102(34):12135-40 
 
Murchison EP and Hannon GJ (2004) miRNAs on the move: miRNA biogenesis and the RNAi 
machinery. Curr. Opin. Cell Biol. Jun;16(3):223-9 
 
 
 
Conclusion  
 
Dicer is a key enzyme in the biogenesis of miRNAs and other small RNAs. We generated 
genetic tools for studying the role of Dicer in mammals. In particular, we found that Dicer is 
required for the survival and proliferation of embryonic stem cells, and for spindle integrity in 
mouse oocytes. Dicer deficient cells and mice are an important resource for the community, 
and provide an interesting opportunity to study the global role of miRNAs in cancer.  
 
P53 responds to DNA damage or deregulation of mitogenic oncogenes through the induction of 
cell cycle checkpoints, apoptosis, or cellular senescence. Mutations in p53 are often associated 

with aggressive tumor behavior and poor patient prognosis. The p53 tumor suppressor network 
has been intensively studied; however, genetic analyses long hinted at the existence of 
components that remained elusive. For example, although p53 is clearly a transcriptional 
activator, numerous reports indicated that p53 also represses the expression of specific genes 
either directly or indirectly. The manner in which this occurred was obscure, with both 
transcriptional and posttranscriptional suppression as possible mechanisms. In the latter case, 
the discovery of extensive networks of miRNAs, offered the possibility that p53-mediated control 
of miRNA expression could allow it to act indirectly to repress target gene expression at the 
posttranscriptional level.  
 
Our studies have identified miR-34 as a miRNA component of the p53 network, for the first time 
revealing interplay between proteins and non-coding RNAs in this pivotal tumor-suppressor 
pathway. Ectopic expression of miR-34 recapitulates the biological effects of p53, including 
growth arrest in our study and apoptosis by several recent studies, through its ability to dampen 
the expression of pro-proliferation and anti-apoptotic genes. Along with the report that deletion 
of miR-34 family miRNAs has been found in many cancer types, our animal work implies 
miR-34 as potential tumor suppressor and cancer therapy tool. These findings suggest that 
miRNAs, and in a broader sense non-coding RNAs, may be previously unrecognized but 
integral components of established oncogene and tumor-suppressor networks.  



                  10 

 
Thus, it is critical to explore miRNA’s value as novel therapeutical targets and/or diagnosis 
markers. Since the in vivo delivery of sequence-specific miRNA mimics and antagonists has 
been gaining great appreciation, it’s technically possible to express or inhibit certain miRNAs in 
tumors and test their role in tumor maintenance. In addition, large-scale expression studies of 
miRNA profiles in multiple human tumor types have revealed that miRNA signatures are 
correlated with the developmental lineage and differentiation status of various tumors. 
Moreover, miRNA signatures can be used to identify certain poorly differentiated tumors, many 
of which were difficult to be classified based on mRNA profiles. Such findings suggest an 
unexpected potential of miRNAs as diagnostic tools, and possibly therapeutic targets.  
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