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Pioneers in LentivectorsPioneers in Lentivectors

Why use Why use LentivirusesLentiviruses??



LentivirusesLentiviruses Get InGet In
• Dividing or Non-Dividing Cells
(Retroviruses only infect dividing cells)

• Useful for slowly dividing Primary Cells

• Infect Embryonic Stem Cells and Embryoid Bodies

• Broad cellular tropism

• Third Generation Biosafe



LentivirusesLentiviruses Stay InStay In
• Stable Integration of Constructs into Host 
Chromosome

• Good for Reporters, Knockdown & 
Overexpression

• Easily create Stable 
cell lines



Pioneers in LentivectorsPioneers in Lentivectors
Stably express cDNAs
Strong and ubiquitous expression of the gene of interest

• Single or double expression cassette with choice of reporter gene 

• Target gene expressed from CMV, EF1, or MSCV promoter 

• Choose from FIV- or HIV-based vectors 



Pioneers in LentivectorsPioneers in Lentivectors
Stably express shRNAs
Permanent, heritable gene knockdown

• Efficient delivery and permanent 
Knock down

• Analyze the specific effects of Target genes 

• Single or Double promoter formats



Pioneers in LentivectorsPioneers in Lentivectors
Stably express microRNAs
Permanent, heritable microRNA overexpression

• Efficient delivery and robust expression

• Analyze the specific effects of MicroRNAs 

• Express single microRNA precursors 
or clusters



Pioneers in LentivectorsPioneers in Lentivectors
Efficiently create reporter 
cell lines
Sort for GFP/RFP or Zeo/Puro Selection

• Report transcription network activity

• Track cell differentiation 

• Quantify transcription response



HighHigh--titer Virus Productiontiter Virus Production
• Produce highly efficient, transduction-ready, 

and replication-incompetent FIV or HIV-based  
pseudoviral particles containing lentiviral 
constructs

• Introduce and stably express lentiviral 
constructs in virtually any mammalian cell, 
including hard-to-transfect primary cells, 
neuronal cells and stem cells 

• SBI’s 293TN producer cell line is optimized for 
high pseudoviral titers 



Virus Concentration Virus Concentration –– PEGPEG--itit



Virus Virus TiteringTitering –– UltraRapidUltraRapid TiterTiter



LentivectorLentivector--based RNAibased RNAi
GeneNet™ shRNA Libraries
• High-throughput gene 
knockdown studies on a 
genome-wide or pathway-
focused basis. 

• Simultaneously identify 
multiple genes that alter a 
specific cellular 
phenotype—in a single 
experiment. 



How to use Lentivirus LibrariesHow to use Lentivirus Libraries
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SBISBI’’s RNAi Librariess RNAi Libraries



Study and Analysis Study and Analysis 
of MicroRNAsof MicroRNAs
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Areas of InvestigationAreas of Investigation

MicroRNAMicroRNA
BackgroundBackground

ExpressionExpression
ProfilingProfiling

Discovery &Discovery &
CloningCloning

OverexpressionOverexpression
StudiesStudies

KnockdownKnockdown
StudiesStudies



Estimated number of 
MicroRNAs in 
Humans = ~ 3000

Number of MicroRNA 
entries in miRBase
Human =  868
Mouse =   627

MicroRNA BiogenesisMicroRNA Biogenesis

http://microrna.sanger.ac.uk/



miRNAmiRNA
• Partial complementarity to target
• Repress translation of target

siRNAsiRNA
• Perfect complementarity to target
• Elicit degradation of target

microRNA Pathway                siRNA Pathway

Both are involved in:
Apoptosis,
Differentiation &
Cancer

Demonstrate tissue and 
temporal-specific 
expression

Functional differences Functional differences 
between miRNA and siRNAbetween miRNA and siRNA



mRNA ProteinProtein
Translation

Negative regulation
• miRNA - inhibit translation
• siRNA – mRNA degradation 

New ParadigmNew Paradigm



MicroRNA binding position in messenger RNA
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5’ UTR             Protein coding region 3’ UTR

Start                                       Stop

MicroRNA Targeting Specificity in Mammals: 
Determinants Beyond Seed Pairing. Grimson, A. & Bartel, 
D. Molecular Cell 27, 91–105, July 6, 2007.

MicroRNAs bind to 3MicroRNAs bind to 3’’ UTRsUTRs
of messenger RNAs of messenger RNAs 



MicroRNA binding position in 3’ UTR
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Best repression when microRNA
binds 15 nuc. past STOP and/or 
closer to the very end of the 3’UTR

Spatial preferences of microRNA targets in 3' untranslated 
regions. Majoros WH, Ohler U. BMC Genomics. 2007 Jun 7;8:152.

Preferred binding positionsPreferred binding positions
within 3within 3’’ UTRsUTRs



AAAAAAAAA

Ribosome

3’ UTR

DICER

Argo

eIF4F
5’ Cap

Messenger RNA

microRNAs 
bound to 3’ UTR

Theory: Theory: ““Ribosomal ShadowRibosomal Shadow””
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Mechanisms of MicroRNA Mechanisms of MicroRNA 
InterferenceInterference



ExpressionExpression
ProfilingProfiling

• Why profiling matters

• Example study of MicroRNA 
Dysregulation in Kidney Cancer

• Tools for expression profiling



Mounting evidence 
indicates microRNAs 
can be causative 
agents in Cancer = 
Potential Diagnostic 
development

Why Profiling MattersWhy Profiling Matters

Cellular development



What can microRNA 
expression profiling tell us 

about the molecular 
pathways affected ?

Why Profiling MattersWhy Profiling Matters



How do microRNAs recognize their mRNA targets?

Inference of miRNA targets using evolutionary conservation and 
pathway analysis. Gaidatzis et al. BMC Bioinformatics 2007 8:69. 

MicroRNA : mRNA TargetingMicroRNA : mRNA Targeting



How many mRNAs are targeted by a given microRNA?

Inference of miRNA targets using evolutionary conservation and 
pathway analysis. Gaidatzis et al. BMC Bioinformatics 2007 8:69. 

= One individual 
microRNA

MicroRNA : mRNA TargetingMicroRNA : mRNA Targeting



How many mRNAs are targeted by a given microRNA?

Inference of miRNA targets using evolutionary conservation and 
pathway analysis. Gaidatzis et al. BMC Bioinformatics 2007 8:69. 

= One individual 
microRNA

Each 
microRNA may 
target 300-500 
mRNAs

MicroRNA : mRNA TargetingMicroRNA : mRNA Targeting



MicroRNA : mRNA TargetingMicroRNA : mRNA Targeting

http://www.targetscan.org/



MicroRNA MicroRNA DysregulationDysregulation
in Kidney Cancerin Kidney Cancer



Kidney CancerKidney Cancer



Kidney CancerKidney Cancer



8 clear-cell RCC tissue specimens, along with              
their patient-matched normal kidney tissue, were 
obtained from patients at Boston Medical Center 
immediately after radical nephrectomy.  

Institutional Review Board-approved informed 
consent for the collection of specimens was 
obtained from all patients.  

Six of the tissue specimens were classified as 
high-grade RCC with a histological Fuhrman grade 
of three or four, while two of the specimens were 
classified as low-grade RCC with a Fuhrman grade 
of two. 

Boston University Kidney Cancer 
Patient Study

Normal
Kidney
Tissue

Tumor
Kidney
Tissue

Kidney Cancer SamplesKidney Cancer Samples



QuantiMir TechnologyQuantiMir Technology



qPCR Array SetupqPCR Array Setup



• 8 Patients
• 2 samples
• Triplicates

qPCR Runs and Data qPCR Runs and Data 
AnalysesAnalyses

Easy to use software included



HeatmapHeatmap View of Study DataView of Study Data

Heat map comparing ratios of expression in 
replicate tumor and normal samples using 
miR-106b as reference using the 38 down- 
regulated and the top 7 up-regulated 
microRNA.  Note that the tumors seem to split 
into two clusters which have the samples 
YR00.17, YR01.19, YR06.37, YR00.11, 
YR06.56, YR05.27, YR06.29 in the first group 
and the samples YR01.21, YR01.37,YR07.79 
in the second group.  The bold samples were 
scored as High Grade by pathological 
analysis. Thus the natural clustering of the 
tumors by microRNA expression does not 
seem to assort them by pathological grade. 
The normal samples on the other hand show 
no discernable organized sub-structure for 
these microRNA.

Tumor                                        Normal

MicroRNA expression
Is able to classify normal 
Kidney from Tumor

Red = high expression
Blue= low expression 

http://www.broad.mit.edu/cancer/
software/genepattern/



MicroRNA Signatures MicroRNA Signatures 
Stratify Stage Stratify Stage 
of Kidney of Kidney 
CancerCancer



What can microRNA 
expression profiling tell us 

about the molecular 
pathways affected ?



Already thought to be 
involved in kidney 
cancer

Hypoxia observed in 
RCC kidneys

Hypoxia-inducible factor determines 
sensitivity to inhibitors of mTOR in 
kidney cancer.  George V Thomas Chris 
Tran Ingo K Mellinghoff Derek S Welsbie 
Emily Chan Barbara Fueger Johannes 
Czernin & Charles L Sawyers 
Nature Medicine 12, 122 - 127 (2006). 

Ectopic Expression of Wnt-5a in Human 
Renal Cell Carcinoma Cells Suppresses 
in vitro Growth and Telomerase Activity. 
Daniel J. Olsona, Mitsuo Oshimurab, Arie 
P. Ottec, Rakesh Kumard.
Tumor Biology 1998;19:244-252

Pathways Associated with Dysregulated
MicroRNAs in RCC

MicroRNA Target
Prediction algorithms

http://www.targetscan.org/

Potential Targets of Kidney Potential Targets of Kidney 
Cancer MicroRNAsCancer MicroRNAs



Design your own 
microRNA assays

Preformatted Cancer 
microRNA assays –
most commonly found microRNAs in 
carcinogenesis
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YR00-11
YR00-17
YR01-19
YR01-21
YR01-37
YR06-37
YR06-57
YR07-79

Preformatted 
Differentiation 
microRNA assays –
Monitor renewal, hematopoiesis, 
neural progression and tissue- 
specific patterning

Pre-designed microRNA Profiling Panels

MicroRNA qPCR ArraysMicroRNA qPCR Arrays



MicroRNA miRNome ProfilersMicroRNA miRNome Profilers



Gel analysis of siRNAs

Other QuantiMir ApplicationsOther QuantiMir Applications



Discovery &Discovery &
CloningCloning

• MicroRNA “Snares”

• Global Amplify & Clone



miRmiR--SNaRESSNaRES
Small Non-coding RNA Enrichment Systems

Immunopurify microRNA complexes 
and their associated RNAs



miRmiR--SNaRESSNaRES
Small Non-coding RNA Enrichment Systems

• Create SNaRE Cell line

• IP pull-down MicroRNAs

• Enrich for RISC-associated mRNAs 

• Discover low abundance microRNAs

• Identify new RISC protein factors

• Constructs fully sequence-verified
and protein expression validated



miRmiR--SNaRESNaRE
ApplicationsApplications



miRmiR--SNaRESNaRE
ApplicationsApplications

May 2008



miRmiR--SNaRESNaRE
ApplicationsApplications

Look at all of these new 
miR-124 mRNA targets !

May 2008



Global MicroRNA AmplificationGlobal MicroRNA Amplification
and Cloningand Cloning



OverexpressionOverexpression
StudiesStudies

• MicroRNA Precursor   
Clone Collection

• Multiplexed Precursor
Virus Library



LentiLenti--miR Precursor ClonesmiR Precursor Clones
Transfection Overexpression Stable Overexpression



LentiLenti--miR Multiplexed miR Multiplexed 
Virus LibraryVirus Library



MicroRNA Virus LibrariesMicroRNA Virus Libraries

December 2007



KnockdownKnockdown
StudiesStudies

• Stable & permanent anti-microRNA 
expresssion

• Select for positive expressing cells  
with either GFP or Puro selection

• Uncover phenotypes using powerful 
anti-microRNA interference



miRZipsmiRZips

miRZip lentivector constructs can be 
used for both GFP sorting and 
Puromycin selection for stable cell 
lines.



miRZipsmiRZips
Uncover Novel Phenotypes 
using MicroRNA Interference

TPM1 Identified as miR-21 Target

Control          miRZip-21

microRNA =            target protein levels

MDA-MB-231 breast cancer cells



Areas of InvestigationAreas of Investigation

MicroRNAMicroRNA
BackgroundBackground

ExpressionExpression
ProfilingProfiling

Discovery &Discovery &
CloningCloning

OverexpressionOverexpression
StudiesStudies

KnockdownKnockdown
StudiesStudies
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Tools for Stem Cell BiologyTools for Stem Cell Biology

System Biosciences (SBI)System Biosciences (SBI)



System Biosciences (SBI)System Biosciences (SBI)

Jacob Lesnik
Assoc. Product Manager
System Biosciences

Tools to Study Tools to Study 

Stem Cell BiologyStem Cell Biology



Tools for Stem Cell BiologyTools for Stem Cell Biology

SBISBI’’s Suite of Tools fors Suite of Tools for

Studying Stem CellsStudying Stem Cells

Lincon Stamp, Monash Institute for Medical Research



Tools for Stem Cell BiologyTools for Stem Cell Biology

Types of Stem Cells

Cluster of epithelial progenitor cells grown from hES cells.
Ernst Wolvetang, Monash Institute for Medical Research



Tools for Stem Cell BiologyTools for Stem Cell Biology



Tools for Stem Cell BiologyTools for Stem Cell Biology

Stem Cell Differentiation Reporters
- Cell-specific promoters drive GFP and Zeocin 
selection in differentiated cells – monitor differentiation 
in real time

- Rapidly create transgenic lines and ES reporter cells

Figure: New generation of dual 
reporter vector uses both GFP 
and ZeoR reporters



Tools for Stem Cell BiologyTools for Stem Cell Biology

Stem Cell Differentiation Reporters

Sorting & Selection

Figure: New generation of dual 
reporter vector uses both GFP 
and ZeoR reporters



Tools for Stem Cell BiologyTools for Stem Cell Biology

Stem Cell Differentiation Reporters
- Data from collaborator:
Dr. Rouel Roque and TJ 
Bartosh

- Testing the effect of retinoic 
acid (RA) on cardiomyocyte 
differentiation.

- Infected cells with human 
and murine TNNT2 reporter 
virus and differentiated with 
RA

Figure: Cardiac myoblasts 
infected with TNNT2 reporter  in 
presence or absence of ATRA



Astrocytes derived from neural stem cells co-express endogenous GFAP 
and GFP from a lentiviral mGFAP promoter.  Clockwise from top left; DAPI 
(blue), mGFAP_GFP (green), merge, GFAP (red).  Data provided courtesy of 
Dan Hoeppner, McKay Lab, NINDS.

Tools for Stem Cell BiologyTools for Stem Cell Biology



Tools for Stem Cell BiologyTools for Stem Cell Biology

Stem Cell Differentiation Reporters



Tools for Stem Cell BiologyTools for Stem Cell Biology

Stem Cell Differentiation Reporters

- Available as 
prepackaged 
virus or plasmid 
off the shelf

- Custom 
construction for 
any Reporter 
Gene also offered



Tools for Stem Cell BiologyTools for Stem Cell Biology

Stem Cell Differentiation Reporters

Beta cell
Reporter

Astrocyte
Reporter



Tools for Stem Cell BiologyTools for Stem Cell Biology



Tools for Stem Cell BiologyTools for Stem Cell Biology

mGFAP Reporter used to trace Astrocyte Differentiation



Tools for Stem Cell BiologyTools for Stem Cell Biology



Tools for Stem Cell BiologyTools for Stem Cell Biology

Stem Cell Pluripotency Reporters

Figure: New generation of dual 
reporter vector uses both GFP 
and ZeoR reporters

- Reporters for Human and Mouse
Nanog & Oct4 allow easy monitoring of 

undifferentiated ES cells



Tools for Stem Cell BiologyTools for Stem Cell Biology

Stem Cell Pluripotency Reporters
Nanog & Oct4
Reporters 
available in 3 
different 
backbones:

pGreenZeo

pRedZeo

pRedTK



Tools for Stem Cell BiologyTools for Stem Cell Biology

Stem Cell Pluripotency Reporters
- Data from collaborator: Dr. Tim Kamp and Chad Koonce

Figure: Transduced H9 hES cells showing Oct4 and Nanog expression

pGreenZeo-mOct4

pGreenZeo-mNanog



Tools for Stem Cell BiologyTools for Stem Cell Biology

H9 hES cells

pGreenZeo-CMV
Transduced
H9 hES cells

pGreenZeo-mOct4
Transduced
H9 hES cells

pGreenZeo-mNanog
Transduced
H9 hES cells

GFP

Phase
Contrast

H9 hES cells were transduced with pGreenZeo reporter constructs containing specific 
promoters for CMV, mOCT4, or mNANOG. Cells were cultured for 8 weeks on Matrigel 
coated plates with MEF conditioned medium containing 1 ug/ml Zeocin. Cells 
photographed here were split and grown on MEF feeders layer for four days.  Data 
courtesy of Dr. Timothy Kamp and Chad H. Koonce, UW-Madison Medical School & 
WiCell Research Institute.



Tools for Stem Cell BiologyTools for Stem Cell Biology

Stem Cell Pluripotency Reporters
- Data from collaborator: Dr. Tim Kamp

Figure: GFP-Reporter and Oct4-Immunostained Double Positive Cells

pGreenZeo-CMV transduced cells

pGreenZeo-mOct4 transduced cells



Tools for Stem Cell BiologyTools for Stem Cell Biology

Stem Cell Pluripotency Reporters
- Data from collaborator: Dr. Tim Kamp

Figure: Embryoid bodies 
transduced with lentivirus

pGreenZeo-CMV



Tools for Stem Cell BiologyTools for Stem Cell Biology

Stem Cell Reporters
- Also can use positive control (CMV promoter) to 
create Tracer Lines for tracing cell lineage

Figure: Human Mesenchymal 
Stem Cell Reporter Line

pGZ-CMV



Tools for Stem Cell BiologyTools for Stem Cell Biology

Induce 
Pluripotency 

with iPSC 
Factors

Image: Christina Ullman



Tools for Stem Cell BiologyTools for Stem Cell Biology

Induce Pluripotency with iPSC Factors
Reprogram adult cells to create iPS cells with 
SBI’s pluripotency factor constructs



Tools for Stem Cell BiologyTools for Stem Cell Biology



Tools for Stem Cell BiologyTools for Stem Cell Biology

Induce Pluripotency with iPSC Factors



Tools for Stem Cell BiologyTools for Stem Cell Biology

Induce Pluripotency with iPSC Factors



Tools for Stem Cell BiologyTools for Stem Cell Biology

pGreenFire Pathway Reporters
- Accurately monitor activity of transcriptional factors natively

- Easily construct stable reporter cell lines

- pGreenFire: New generation of dual reporter vector uses both 
GFP and Luciferase reporters

Figure: New generation of dual 
reporter vector uses both GFP 
and Luciferase reporters



Tools for Stem Cell BiologyTools for Stem Cell Biology

pGreenFire Pathway Reporters

Figure: New generation of dual 
reporter vector uses both GFP 
and Luciferase reporters

Sorting & Quantitation



Tools for Stem Cell BiologyTools for Stem Cell Biology

pGreenFire Pathway Reporters

Example of NFkB Reporter Structure 
used to create Stable Cell Lines:



Tools for Stem Cell BiologyTools for Stem Cell Biology

pGreenFire Pathway Reporters

Figure: 
Jurkat/NFkB/GFP 
reporter cells 
sorted after 
treatment with 
TNF-alpha

Easily Sort cells based on Transcriptional Activation:



Tools for Stem Cell BiologyTools for Stem Cell Biology

pGreenFire-LXRE
Sample Data



Tools for Stem Cell BiologyTools for Stem Cell Biology

GeneNet™ Genome-wide shRNA Libraries

Figure: Example of 
high-throughput 
screen using an 
siRNA library 



Tools for Stem Cell BiologyTools for Stem Cell Biology

MicroRNA Profiling

qPCR Array for 95 miRNAs involved in 
self-renewal and development.



Tools for Stem Cell BiologyTools for Stem Cell Biology

SBI Launches New Website!



Tools for Stem Cell BiologyTools for Stem Cell Biology

System Biosciences (SBI)System Biosciences (SBI)

Spend less time making your tools and 
more time making discoveries.
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