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Introduction: 

The sense of collaboration was prominent at the ninth annual ‘RNAi-2012-Boston Meeting’ 

organized by GeneExpression Systems in Waltham, Massachusetts, USA on May 1-2, 2012, which 

recognized the promise of RNA interference/microRNA, stem cells and regenerative medicine. The two-

day intensive single track meeting was arranged in six scientific sessions. The meeting brought together 

renowned international scientists from high caliber academic institutions and industry leaders, 

contributing seminars and posters displaying the latest topics in RNA interference (RNAi), microRNAs 

(miRNAs) and stem cells research. There were about 50 participants around the world attended this 

focus theme conference. This report covers few representative talks from academia and biotech industry 

those were presented in the meeting.  
 

RNA interference pathways control gene expression by post-transcriptional and transcriptional 

gene silencing mechanisms. The discovery of the double stranded RNA interference (RNAi) could show 

gene silencing effect in worms, plants, and animals. Gene silencing can be achieved in mammalian cells 

by the introduction of small interfering RNAs (siRNAs) of 21-23 nucleotides. In addition, it has also been 

shown that single-stranded 21 nucleotide microRNAs (miRNAs) are identical in length to siRNAs also 

involved in the RNAi machinery pathway. The discovery of RNAi, siRNAs and miRNAs has provided 

new tools to biologists to understand the molecular processes.  

 

Inaugural session:  
The conference was opened by keynote speaker Helen Blau (Stanford University School of 

Medicine Stanford, USA), a stem cell pioneer who adopted RNAi, microRNAs and epigenetic methods 

for the study of stem cell reprogramming and regulation of cell fate. She emphasized that balance of 

factors is the key to nuclear reprogramming toward pluripotency. Dr. Blau’s group is exploiting natural 

mechanisms to derive mammalian cell sources for regenerative medicine by various strategies includes: 

(1) recapitulating pathways used by newts and zebrafish, (2) by mimicking biophysical cues to which 

adult stem cells are exposed in the body, (3) and by gaining insights into the mechanisms such as DNA 

demethylation by which adult cells are reprogrammed to pluripotency (iPS) in heterokaryons. These 

approaches provide fundamental mechanistic insights into stem cell fate determination, provide novel 

cell sources, and enable clinical applications of cell therapies for regenerative medicine. Some 

vertebrates like Newts regenerate entire body parts. Therefore, Blau has mimicked the same 

phenomenon in mammalian muscle cell using p16 knockout and siRNA methods. By growing muscle 

stem cells on novel biomaterials such as, PEG hydrogel platform, she has demonstrated that these 

biomaterials maintain ‘stemness’ in culture and prevents differentiation. Duchene Muscular Dystrophy is 
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an inherited X-linked disorder that causes progressive muscle weakness leads to early death in children. 

In this situation, she observed that the absence of dystrophin protein and short telomeres lead to 

reduced stem cell reserve. Finally, Blau also presented compelling data on the regulation of cell fate 

using nuclear reprogramming by cell fusion. 

 
Reflections from RNAi and microRNAs: 

RNA interference is a natural gene silencing mechanism that biologists have harnessed to target 

the knockdown of genes in order to study biological processes.  Much is known about the microRNAs 

and small interfering RNAs, however a third group of small regulatory RNAs exists in cells from animal 

gonads – the Piwi-interacting RNAs, or piRNAs, for which their mode of gene silencing is not well 

understood.  Nelson Lau (Brandeis University, Waltham, USA) found that piRNAs have a different 

mode of gene silencing than miRNAs and siRNAs, whereby large cohorts of piRNAs are required to 

target a transcript for gene silencing.  Additionally, Lau has presented data on small hairpin RNAs 

(shRNAs) by which gene targeting is not so simple, since they may not gain access to a target. In 

conclusion Lau’s presentation sheds new light on small RNA guided gene silencing mechanisms in 

animals. 

 

Thousands of loci in mammalian genomes produce long intervening noncoding RNAs 

(lincRNAs). To understand the evolution and functions of these enigmatic RNAs, Alena Shkumatava 
(Whitehead Institute for Biomedical Research, Cambridge, USA) have identified over 550 lincRNAs in 

the zebrafish model of embryonic development. Although zebrafish lincRNAs shared common features 

with mammalian lincRNAs, only a selected few showed detectable sequence similarity with putative 

mammalian orthologs. She has demonstrated that two novel lincRNAs are required for proper embryonic 

development in particular for brain morphogenesis and neurogenesis. In conclusion, Shkumatava 

showed lincRNA functionality is retained in mammalian orthologs as they could rescue developmental 

phenotypes in zebrafish embryos.  

 

Brad Amendt’s group (Texas A & M Health Sciences Center 

Houston, USA) has developed a plasmid-based miRNA inhibitor system (PMIS) that effectively knocks 

down >85% of miRNA activity in cells and mice. Because of the engineered secondary structure and 

flanking sequences of the miRNA inhibitors they are stable and form a complex with the miRNA, 

Agonaute and Dicer proteins in a RNA-Induced Silencing Complex (RISC). The miRNA inhibitor is not 

processed in the RISC complex and the PMIS was tested in cells and transgenic animals targeting the 

miRNA 17-92, miRNA 106a-363, miRNA 106b-25 clusters. The mice expressing these inhibitors 

recapitulated the previously reported miRNA 17-92 knockout mice phenotype. His presentation 
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demonstrated for the first time a new mechanism to inhibit miRNA activity in cells and mice. The PMIS 

system targets miRNA families to understand their role during development (in vivo) and cell/tissue 

interactions (in vitro). These inhibitors can be used as specific miRNA therapeutic reagents in cancer 

and diseases. 

Two decades of research identified a dozen clock genes and defined a biochemical feedback 

mechanism of circadian clock function, a recurring event at the cellular level that underlies our 24-hr 

rhythms in behavior and physiology. Andrew Liu (The University of Memphis, Memphis, USA) applied 

kinetic bioluminescence recording in a genome-wide siRNA screen in a human cell line and identified 

hundreds of modifiers that impacted clock function. They used lentiviral shRNAs to investigate the roles 

of these modifiers play in the tissue-specific and ubiquitous molecular clock networks. Importantly, for 

the lentiviral shRNA screen, his group has established several circadian reporter cell lines including 

mouse fibroblasts, adipocytes and hepatocytes. 

 
Micro RNA Biology: 

MicroRNAs (miRNAs) are versatile posttranscriptional regulators of gene expression. Recent 

studies have revealed intrinsic complexity of miRNA generation cascades and their alteration in cancer. 

Hiroshi Suzuki (University of Tokyo, Tokyo, Japan) has demonstrated earlier that a central tumor 

suppressor, p53, modulates miRNA maturation at the processing step of primary miRNA transcripts, and 

recently identified mammalian immune regulator MCPIP1 (Zc3h12a), which counteracts Dicer and 

suppresses miRNA biosynthesis through cleavage of the terminal loops of precursor miRNAs (pre-

miRNAs). Using transcriptome analysis Suzuki has dissected mRNA-miRNA network and showed 

potential antagonistic relationship between MCPIP1 and Dicer in human cancer, suggesting involvement 

of MCPIP1 in alteration of miRNA biogenesis in tumorigenesis. These results provided the molecular 

basis for development of diagnostic and therapeutic strategies based on small RNA biology.  

 

MicroRNAs (miRNAs) are evolutionarily conserved small non-coding RNAs whose importance 

for brain development and function is only partially understood. In particular, little is known about the role 

of miRNAs in experience-dependent cortical plasticity, the ability of cortical neurons to modify their 

responses due to lasting changes in sensory experience. Using a range of miRNA quantification 

techniques, Nikolaos Mellios (The Picower Institute for Learning and Memory, Massachusetts Institute 

of Technology, Cambridge, USA) has identified a subset of abundant miRNAs whose expression in 

mouse primary visual cortex was altered following dark-rearing (DR) and/or monocular deprivation (MD). 

The most significantly altered miRNA, miR-132, was rapidly upregulated following eye opening and was 

specifically reduced in cortical layers 2-4 following DR and MD. In vivo inhibition of miR-132 in individual 

identified pyramidal neurons delayed their maturation and abrogated their ability to reduce their 
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responses to the deprived eye following short term monocular deprivation. His presentation 

demonstrated a critical role for miR-132 in activity-dependent shaping of structural and functional 

plasticity.  

In order to understand the Regulatory T cells (Tregs), Hussein Fayyad-Kazan (Jules Bordet 

Institute - Université Libre de Bruxelles, Bruxelles, Belgium) used transcriptome analysis and isolated 

microRNA signature from peripheral blood (PB) CD4+ of healthy volunteers. He identified a signature 

composed of fifteen differentially expressed microRNAs. Among those, miR-24, miR-145 and miR-210 

were down regulated in Tregs compared to controls. miR-24 and miR-210 negatively regulated FOXP3 

expression by binding directly to two target sites in its 3’UTR. On the other hand, miR-95, which is highly 

expressed in PB Tregs, positively regulated FOXP3 expression via an indirect mechanism yet to be 

identified. Finally, he showed that miR-145 negatively regulated CTLA-4 expression in human CD4+ PB 

Tregs by binding to its target site in CTLA-4 transcript 3’UTR. This is the first characterization of human 

PB CD4+ Tregs.  

 

Mounting evidence has implied that microRNAs (miRNAs) participate in almost all cellular 

processes and have an impact on biological phylogeny. Due to technical advances, thousands of 

miRNAs have been discovered in eukaryotes; however, the function and evolution of most miRNAs 

remains incompletely understood. Particularly, the emerging roles of microRNA-22 (miR-22) in human 

disease and normal physiology have recently been characterized, but little is known about the genesis 

and evolution of miR-22 family. Using a combination of phylogenetics and bioinformatics, Jianhua 
Xiong (Peking University, Beijing, P.R. China) has confirmed that miR-22 functional research has shed 

light on the evolutionary history of miR-22 and its intricate regulatory system. The phylogeny of miR-22 

family provided a more informed interpretation of miR-22 as an emerging therapeutic, and establishes a 

paradigm for studying individual miRNA evolution.  

 

Detection of microRNAs often requires labeling, ligation or amplification of the RNA.  Larry 
McReynolds (New England Biolabs, Inc., Ipswich, USA) has developed a novel method that utilizes the 

high affinity binding of the plant viral protein p19. The p19 protein binds complementary dsRNA of 19-22 

bp with high-affinity resulting in over 100,000 enrichment of dsRNA from total cellular RNA.  It does not 

bind ssRNA. The p19 fusion protein, bound to chitin magnetic beads, was used to isolated a specific 

miRNA:probe duplex.  The eluted RNA was detected with an ultrathin 3nm silicon nitride nanopore that 

can discriminate short siRNAs from tRNA and dsDNA.  The use of ultrathin 7 nm thick membranes 

increased the amplitude of the signal, which enabled detection of the unlabeled miRNA.  Using this 

device his group has detected femtomolar amounts of miR-122 isolated from total rat liver RNA with 

p19.  
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Stem cell therapy & siRNAs, microRNAs applications in stem cell biology:  

Stem cell therapy for myocardial regeneration after infarction is a relatively new and revolutionary 

concept in cardiology emerging from encouraging pre-clinical results. Several stem/progenitor cell 

populations e.g., hematopoietic stem cells, endothelial progenitor cells (EPC) and mesenchymal stem 

cells (MSC), isolated from the bone marrow, are being studied for their therapeutic effects. However, 

functional improvements observed to date in almost all clinical trials were only moderate positive. The 

major problem is the low-rate survival of transplanted cells and their poor retention into the inflammatory 

conditions of the infarcted myocardium. In this context, clinical benefits remain transient and only 

attributed to transplanted cell-associated paracrine effects stimulating angiogenesis and protecting 

surviving cardiomyocytes (CMC). This session summarizes the application of siRNAs in insulin islet beta 

cells therapy and microRNAs in osteoblast differentiation and bone formation. 

 

In recent years innovative cell therapeutic strategies have been developed for diverse clinical 

applications. Stem cell transplantation with hematopoetic stem cells derived from bone marrow, 

peripheral blood and cord blood for the curative treatment of leukemia and immune disorders is still the 

gold standard. But beyond the reconstitution of malignant hematopoesis cell-based therapies are 

increasingly intended to regenerate and replace deceased tissue and to modulate the immune system. 

The majority of therapies focus on cardiovascular, neurological and immunological applications. While 

many basic questions like cell source, cell dose and mode of action are still not resolved. Christine 
Guenther (Apceth GmbH und Co. KG, München, Germany) presented recent clinical trials on some of 

the applications of stem cell therapy. The alteration of the native environment of biological systems via 

means of external chemical influence and internal pharmaceutical impact has increased the likelihood of 

exposure of the developing embryo to new and powerful teratogens. Consequently, that raises an urgent 

need for novel methods of testing developmental toxicity. For this purpose, pluripotent stem cells of 

various organisms have been employed to create experimental models that simplify aspects of studying 

human embryonic developmental toxicity in vitro. In the past years, stem cell based predictive assays 

have been developed to diverge from testing upon a single cell type in order to increase the 

method's predictivity upon specific tissues.  

 

Upon functional loss of insulin producing islet β-cells, diabetic patients become dependent on 

life-long insulin supplementation therapy. Numerous attempts have been made to bioengineer surrogate 

insulin producing cells from embryonic or induced pluripotent stem cells as an alternative replacement 

strategy.  For these cells to become clinically attractive, the risk of malignancy, cell rejection and genetic 

manipulation has to be negligible. Equally important, the surrogate cells must not only produce insulin 



                                        Appasani-RNAi, Stem Cells & Regenerative Medicine-2012-Boston Meeting Report 
                                                                                                                           May 1 – 2, 2012 
 

 

but must also secrete it in a glucose responsive manner to prevent possible hypo or hyperglycemic 

events.  

 

Nagy Habib (Imperial College of London, Hammersmith Hospital, London, United Kingdom) and 

his team has used liposome transfection, small RNA oligonucleotides and introduced into human adult 

hematopoietic CD34+ cells. Expression of the key factors (Pdx1, Ngn3, NeuroD and NKx6.1), which are 

required for driving cells towards a pancreatic endodermal lineage was demonstrated by qPCR. These 

differentiated CD34+ cells also expressed glucokinase, GLP1 and phogrin. Additionally, SUR1, a key 

component of secretory potassium channels, and MafA, a β-cell specific transcription factor that 

regulates pro-insulin expression was also upregulated.  Electron microscopy images of the differentiated 

CD34+ cells showed formation of granular vesicles polarized towards the cell membrane. 

Immunofluorescent staining images showed positive protein expression for MafA, Glut2, insulin and C-

peptide. On a functional level Habib showed by ELISA, FACS analysis and Western blotting that these 

differentiated cells appropriately released c-peptide and insulin in response to increasing glucose 

stimulation. In conclusion, Habib’s cGMP compliant approach to differentiating human adult CD34+ 

hematopoietic cells may potentially be a step towards developing clinically useful insulin producing 

surrogate cells for personalized cell replacement therapy.   

 

In the adult body, the axial skeleton, the appendicular skeleton and the craniofacial skeleton are 

all home to the bone-forming osteoblasts. Although the osteoblasts in these diverse types of bone tissue 

are not molecularly distinguishable, embryologically, these arise from the neural crest, the paraxial or 

the lateral plate mesoderm through endochondral or intramembraneous ossification. Because of this 

underlying complexity, the search for molecular mechanisms of osteoblast differentiation remains a 

central challenge in understanding the process of bone formation. Growing evidence shows that 

microRNAs (miRNAs) regulate various developmental and homeostatic events in vertebrates and 

invertebrates, however, the physiological role of non-coding small RNAs, especially miRNAs, in 

osteoblast differentiation remains elusive.  

 

In order to identify novel molecular regulators of early osteogenic commitment, Nicole zur 
Nieden (University of California, Riverside, USA) has turned to murine embryonic stem cells (ESCs). 

Because of their unsurpassed capacity to differentiate into cell types of all germ layers, whereby they 

traverse through all stages of embryonic development, these cells are an ideal model to study osteoblast 

differentiation in vitro. Using CombiMatrix 4×2K arrays twenty-five miRNAs that have predicted targets 

involved in embryonic development and bone formation (particularly by modulating the canonical and 

non canonical Wnt signaling pathways) were identified. miRNA overexpression and knockdown have 
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confirmed a role for prickle in neural crest specification through its augmentation of non-canonical Wnt 

signaling. In conclusion, her analyses have revealed that crosstalk between canonical and non-

canonical Wnt pathways through beta-catenin specially in the osteoblast-specific differentiation program 

during bone formation.  

 

Female germline stem cells (FGSCs) have recently been characterized as a cell population in 

ovaries of postnatal mammals which retain the capacity to support generation of oocyte. It has been 

demonstrated that established mouse FGSC line could differentiated into mature oocytes in vivo and 

subsequently gave rise to normal offspring when transplanted into germ-cell-depleted female mice. 

However, it remains undecided whether FGSC-derived oogenesis could be directly induced in vitro. 

Therefore, Ji Wu (Shanghai Jiao Tong University, Shanghai, P.R. China) evaluated the differentiation 

potential in vitro of previously established mouse FGSC line under several culture conditions. When 

supplied with retinoic acid, bFGF, etc. along with conditioning by using mouse ovary homogenate, 

cultured FGSCs showed cytological changes in oocyte commitment. RT-PCR detection of meiosis 

marker SCP3 and oocyte-specific marker ZP3 also suggested induced oogenesis. Her results 

suggested that mouse FGSCs are capable of in vitro differentiation.  

 

RNAi Therapeutics:  
RNA Interference (RNAi) is a promising tool for both discovery and therapy. The first clinical trials 

are already being conducted with RNAi-based therapies. Silencing of disease-associated microRNAs 

using anti-sense targeting may yield patient benefits unobtainable by other therapeutic approaches. In 

recent years the interest for oligonucleotide drugs has increased significantly. RNA interference (RNAi) 

holds significant promise as a therapeutic approach to silence disease-causing genes. The key hurdle 

for RNAi therapeutics is delivery needed to achieve in vivo gene silencing. A critical requirement for 

RNAi therapy is the introduction of siRNAs into appropriate organs and/or tissues, targeting to specific 

cell types, and entry into the cytoplasm.  

 

RNA interference (RNAi) therapeutics represents a new class of drugs that provide specific and 

potent inhibition of disease targets from all molecular classes.  Selection of a lead therapeutic candidate 

routinely involves several steps: a primary in vitro screen to identify the most potent siRNAs, a 

secondary screen to determine the potency, and finally an in vivo screen to assess activity and 

phenotypic changes in model systems.  In vitro screening provides an efficient way to rapidly identify 

potent siRNA drug candidates. Though a brute force approach, where the target sequence is tiled with 

siRNAs, can be used to identify potent molecules for nearly any target, informatics-based selection 

criteria are routinely applied to create smaller in vitro siRNA sets and a more efficient screening strategy.  
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Via data-mining of Alnylam’s database of siRNA efficacy measurements, a database particularly broad 

in targets and deep in sequence space, Stuart Milstein (Alnylam Pharmaceuticals, Cambridge, USA) 

has identified and experimentally verified a set of parameters that predict efficacy.  Finally, to achieve 

“drug-like” properties they have adopted chemical modifications, formulation strategies and selected 

siRNAs, lead optimized them and delivered as drugs into the clinical trials. 

 

MicroRNAs in Disease Biology:  
This session highlights the importance of microRNAs in breast cancer, hypoxia and cardio-

metabolic diseases. Breast cancer is the most common malignancy that develops in women, its 

incidence continues to rise and it is responsible for the highest cancer-related death rates. Triple 

negative breast cancers (TNBC) represent a clinically important breast cancer subtype, characterised by 

an absence of receptors for estrogen, progesterone and the human epithelial growth factor. TNBCs are 

associated with worse prognosis and have a higher propensity for metastatic spread due to their 

aggressive phenotype. Thus, TNBC represents a major clinical problem for which targeted therapies are 

currently not available. There is emerging evidence that miRNAs play a direct functional role in breast 

cancer aggressiveness and/or metastasis in cell lines and mice. However, the role of miRNAs in the 

progression of TNBC is not known. Therefore, Kelly Avery-Kiejda (The University of Newcastle-John 

Hunter Hospital, New Lambton Heights, Australia) determined miRNA markers that were predictive of 

progression to metastatic disease in TNBC. miRNA profiles were examined in 16 formalin-fixed paraffin-

embedded cases that had lymph node metastases compared to 19 cases that were lymph node 

negative at the time of diagnosis. Differentially expressed miRNAs were identified using GeneSpring and 

verified by real-time PCR. In conclusion she has identified 27 miRNAs that are associated with lymph 

node metastases in triple-negative breast cancer. These miRNAs may be predictive of a TNBC that has 

the potential to become metastatic. 

 

Aberrant cholesterol/lipid homeostasis is linked to diseases such as metabolic syndrome and 

atherosclerosis. The SREBP transcription factors control cholesterol and lipid homeostasis. Intriguingly, 

the SREBP sequences also encode conserved microRNAs, miR-33a/b that act in concert with SREBPs. 

Veerle Rottier (Massachusetts General Hospital Cancer Center, Charlestown, USA) has identified that 

miR-33a/b inhibit ABCA1, a cholesterol efflux pump critical for HDL synthesis as well as fatty acid 

oxidation genes (e.g. HADHB) and energy homeostasis genes (e.g. AMPKa1). Importantly, antisense 

inhibition of miR-33 causes elevated HDL and decreased atherosclerosis in mice. In conclusion her 

results revealed a highly integrated microRNA/host gene circuit governing cholesterol/lipid/energy 

homeostasis that may have therapeutic implications for the treatment of cardio-metabolic disorders. 
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Oxygen-dependent regulation of the transcriptional regulator hypoxia-inducible factor 1α (HIF-1α) 

relies on a family of prolyl hydroxylases (PHDs) that regulate protein stability through proline 

hydroxylation and resultant degradation by the proteasome. During low-oxygen conditions, proline 

hydroxylation is decreased and HIF-1α degradation is blocked. Hypoxia-inducible microRNA 210 (miR-

210) is a direct transcriptional target of HIF-1α, but the complete function and targets of this microRNA 

during low-oxygen conditions are unknown. The enzyme glycerol-3-phosphate dehydrogenase 1-like 

(GPD1L) is a novel regulator of HIF-1α stability and a direct target of miR-210. Timothy Kelly (Dana-

Farber Cancer Institute, Boston, USA) has demonstrated that the expression of miR-210 results in 

stabilization of HIF-1α due to decreased levels of GPD1L resulting in an increase in HIF-1α target 

genes. GPD1L-mediated decreases in HIF-1α stability can be reversed by pharmacological inhibition of 

the proteasome or PHD activity. Overexpression of GPD1L results in hyperhydroxylation of HIF-1�, 

suggesting increases in PHD activity. Kelly has proposed a model in which hypoxia-induced miR-210 

represses GPD1L, contributing to suppression of PHD activity, and increases of HIF-1α protein levels 

and transcriptional activity.  

 

Outstanding Accomplishments: 

On behalf of the scientific committee Krishnarao Appasani (GeneExpression Systems, Waltham, 

USA) honored Professor Helen Blau (Stanford University School of Medicine, Stanford, USA) the 

keynote speaker with “Stem Cell Innovator Award” for her contributions on the discovery of 

reprogramming cell fate by mimicking natural mechanisms.  

 

Final thoughts: 
The message from the meeting is there are lot of issues has to be addressed before we take 

siRNA-based therapeutics into the clinic to treat human diseases. Most of the attendees felt that this 

was a “unique, coherent, well-organized, target meeting for learning cutting-edge technology and 

meeting authorities in both RNAi and Stem cell research fields.” I hope that the potential applications of 

RNAi/MicroRNA research in stem cell biology, and biomedicine will come to a reality in the coming 

years; however, developing as drugs, therapeutics and stem cell therapy will take more time.  

 

These opinions are exclusively of the authors and do not reflect those of GeneExpression 

Systems, Inc. 

 
 
 


