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Proposal for a High-Throughput shRNA Lentiviral Library 
Screening Core 

 
Core directors: Drs. Jeffery D. Molkentin and John W. Elrod 
 
Concept: Over the past 3 years technology has emerged that permits high-throughput 
screening (HTS) to identify novel genes that function in specified biologic processes 
using cell-based systems and viral-mediated transduction with shRNA libraries. Sigma’s 
Life Science Division has licensed this technology (Mission TRC Library) and hence has 
expended an enormous amount of time and resources generating and validating full-
genome libraries of individual lentiviruses that encode shRNA targeted against most 
mouse and human genes. The library has been designed for full-automation of both 
handling and production of lentivirus.  The system is therefore highly amendable for 
screening projects in cell-based 96-well and 384-well culture plate formats. HTS utilizing 
such a system will allow for non-biased discovery of novel genes that affect a biologic 
pathway of interest. Lentiviral-based shRNA is far 
superior to all other systems currently in use for the 
delivery of siRNAs and thereby achieves greater 
and more efficient knockdown of protein levels.  
Importantly, the library was developed using 3rd 
Generation lentivirus technology, insuring safety of 
the highest level in the production of replication-
deficient lentiviral particles.  The Mission library 
also includes a selection cassette for drug resistance, 
producing a uniform cell population for subsequent 
screening. Figure 1 shows the lentiviral transfer 
plasmid that is used to express each shRNA 
construct.  
 This technology holds tremendous power to 
uncover novels genes that will position investigators at CCHMC and UC for a strong 
future and ensure additional extramural grant support.  The University of Cincinnati was 
at the forefront of the transgenic and gene targeted-mouse revolution in the 1980s, which 
continues to be one of the most important approaches in defining disease-gene 
relationships for all of biomedical research.  This previous leadership position in mouse 
genetics transformed the campus into one of the top funded academic environments with 
a number of highly respected scientists.  The proposed core has similar transforming 
potential. It will provide a discovery platform that very few institutions can currently 
boast, especially given the existing automation and robotics at the Genome Research 
Institute (GRI). The GRI will collaboratively provide a rapid and reliable process capable 
of implementing numerous screening assays in cells, a process typically only feasible 
within the largest pharmaceutical companies. 
 
Technical information on the proposed core:  The core will consist of a purchased 
shRNA library that will cover the entire mouse genome with the ability to add a full-
coverage human library at a later date (additional 82,000 clones). Each of the nearly 
160,000 clones was individually generated and characterized at the Broad Institute of 
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MIT, in a joint collaboration with Harvard.  Under the direction of Drs. Eric Lander and 
David Sabatini, The RNAi Consortium (TRC) was formed consisting of world-renowned 
academic and corporate life science research groups whose goal is to create 
comprehensive tools for functional genomics research and make them broadly available 
to scientists worldwide. Sigma-Aldrich is both a collaborative member and supplier of 
TRC shRNA libraries.  Each library contains multiple clones for individual targets with 
99.6% of genes having at least 4 clones and high-value genes having 5 or more clones.  
The entire clone set for the mouse shRNA library now consists of 77,713 separate 
plasmids. These are contained in 820 individual 96-well plates as bacterial stocks that are 
frozen at -80°C in a bar-coded rack system.   

Once we purchase this library from Sigma, there is the added benefit that 
investigators at CCHMC and UC can also receive individual clones (hot picking from the 
library) of their gene of interest for use in ongoing experimentation.  Small selections 
from the library would be interfaced with the Viral Vector Core in Experimental 
Hematology under the direction of Dr. Han van der Loo, which routinely generates 
lentiviral particles (40 ml) for investigators at a fee of $81.   
 Full-scale library production begins with bacteria growth in 96-deepwell plates, in 
a specialized shaker/incubator. The plates are processed in automated fashion for 
isolation and purification of transfer plasmid DNA.  An isolation kit specifically designed 
for this library (Sigma HP) is used to generate the highest quality DNA for transduction 
into a HEK293T packaging cell line.  The DNA must be accurately quantified in 
automated fashion to ensure highly reproducible packaging efficiencies.  Using a second 
robot that directly 
interfaces with a 
tissue culture 
incubator, the 
purified plasmid 
containing the 
shRNA transcript is 
transfected along 
with a packaging mix 
consisting of a 
packaging vector and 
envelope vector into 
96-well plates of 
HEK293T cells using 
Fugene 6.  Cell 
media is changed 
after 16 hr and allowed to incubate an additional 24 hr before the first viral harvest, 
followed by a second harvest 24 hr later.  The collected viral particles are quality 
controlled for titer and identity via high-throughput p24 assay and automated digestion or 
sequencing of ~10% of the library (clones from every 96-well plate).  The library, in 
lentiviral form, is then frozen in multiple aliquots at -80°C for use in HTS.  A schematic 
diagram of library production is shown in Figure 2 above.  We have already tested the 
components of these various kits with a number of individual shRNAs purchased from 
Sigma and have shown very good knockdown of protein for desired targets.  Almost all 
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cell types are amendable to this system, a table of validated primary and cell lines can be 
seen at right (Table 1).  Our lab has utilized Mission shRNA lentivirus to effectively 
transduce primary and immortalized fibroblasts, and primary cardiomyocytes, typical 
protein expression data can be seen in Figure 3 (below left).   

Dr. John Elrod, co-director, went to St. Louis for a 
4-day training course hosted by Sigma for use, expansion, 
and implementation of the Mission lentiviral library and 
screening system.  Sigma has also agreed to special pricing 
for our institution and will fully support our efforts to 
implement this core by providing on-going technical 
support.  We will be purchasing the same robotics that 
they have been using for the past 2 years and they have 
agreed to gift us with their automated software if we 
purchase the library from them (the software interfaces 
with bar-coded clone identities of each plate in the 
library).   
 Finally, we have also met with and been in 
constant contact with Dr. Sandra Nelson, director of High-
Throughput Screening at the GRI, concerning the final 
step of the screening procedure where the cell-based assay 
is implemented and data quantified.  Here investigators 
culture their cells of interest in 384-well plates at the GRI in coordination with their 
expert staff.  We will provide the GRI core with lentivirus ready for transduction in 384-
well plate format, after which the screen and chosen cellular detection assay is 
implemented in large scale.  The GRI screening core and associated robotics is better 
than most mid-level pharmaceutical companies and could easily handle two hundred 384-
well plates on a routine basis (library covering the entire genome).    
 

Feasibility and Funding: 
Despite its revolutionary 
power for gene discovery, 
the main reason why such 
technology is not being more 
widely adopted in the 
academic setting at the 
current time is cost.  Sigma 
sells the entire lentiviral 
library as high-titer viral 

particles ready for cell-based assays at a price of ~$900,000 for typical institutions and 
~$750,000 for RNAi Partnership Institutes.  The proposed core would by-pass this 
ridiculous pricing and would make the lentiviral particles available for less than 1/10th the 
cost (projected).  Additionally, due to the built-in safety of the library being replication-
incompetent this purchase is non-renewable. In other words, the virus format is one-time 
use, whereas our proposed core would be capable of producing unlimited virus through 
the purchase of the glycerol stock format.   
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 This initiative requires an “anchor” laboratory to implement this technology here 
at CCHMC, given the scope, expense, and expertise that are needed.  The Molkentin 
laboratory will marshal resources from the recently acquired Howard Hughes Medical 
Institute (HHMI) award to help in the implementation of equipment and ongoing 
operating costs, although substantial institutional support will also be necessary.  The 
HHMI budget will be used to support 1 full-time technician dedicated to the day-to-day 
operations of the core, and a portion of the initial equipment outlay, as well as some of 
the reagents.  After ~6 months we will also want to hire another full-time employee for 
the more technically demanding process of viral packaging and the anticipated increase 
of institutional usage (requested institutional support for 1 FTE).  An exact projected 
budget is attached and broken down by requested institutional support versus items 
purchased by the Molkentin laboratory through the HHMI (appendix 1).  The lentiviral 
library as bacterial stocks will cost ~$95,000, and a small aliquot of lentiviral particles 
enough for 2-4 screens will cost another $100,000.* 
 
 *(Sigma has agreed to provide us with a test aliquot of lentiviral particles for the entire library so 
we can implement the front and back end of the process at the same time, although this is only 
possible because a commercial order fell through and they can make this small aliquot available 
to us if we purchase into the entire library. They will never offer a small aliquot again.) 
 
Outside of equipment the other major expenses are the DNA isolation kits, plasmid 
packaging mix, DNA transfection reagent, ELISA kits, sequencing (QC), and other 
consumables (i.e. 96-well and 384-well plates, etc.).  
 
Time line for core functionality:  We anticipate that the core will take approximately 1 
year before it is fully functional and reliable for outside work.  There will be a 
tremendous amount of work on the front end setting-up the equipment, training 
personnel, implementing the system with the bar coding and all the software, making a 
duplicate of the library, and running quality control.  
 
Projected costs to investigators:  We would like to provide any shRNA clone as a 
bacterial isolate to all CCHMC and UC staff members for $10 each (20-fold savings) for 
individual experiments.  This small fee will ensure that the investigators really need the 
reagent, but will also recover some cost related to technical staff time in processing the 
order and providing a streak plate from the glycerol stock.  For one entire genome-wide 
screen we will provide lentiviral particles for a fee of between $20,000-$25,000.  It takes 
the Sigma HT processing team 4 months to generate one full aliquot of the library for 
customers ($800,000), which is typically enough particles for 10-20 screens.  We are 
hopeful that we can also generate one entire library of viral particles in 4-6 months, 
which should similarly be enough virus 10-20 total screens. 
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Screening system for genome-wide identification of genes affecting fibrosis 
 As discussed in the Introduction, activation of fibroblasts or transformation to a myofibroblast 
fate is intimately linked with developmental processes and adult tissue remodeling during injury.  
However, a strong case can be made that inappropriate or sustained activation of fibroblasts or 
acquisition of the myofibroblast cell fate can lead to congenital abnormalities or adult fibrotic disease 
states.  While a few cytokines are known to regulate EMT and the activation of fibroblasts, we currently 
lack a comprehensive picture of the signaling effectors that regulate such processes so that novel 
therapeutic avenues can be pursued.  Here we will propose an unbiased genome-wide screen in “pre-
programmed” mouse embryonic fibroblasts (MEFs) to identify novel genes that underlie the activation 
of fibroblasts.  Previously, total genetic screens were only possible in lower organisms, but with the 
information available from the genome sequencing effort and the advent of RNAi technology, unbiased 
genome wide screens in mammalian cells are now possible.   
 The technology underlying the proposed mammalian cell-based screen is that developed by the 
RNAi Consortium (TRC) under Drs Root, Sabatini, Lander, Hahn, and Hacohen at Harvard, the Broad 
Institute, Whitehead, and MIT [21].  These investigators generated a genome-wide library of shRNAs 
(both Human and Mouse) contained within individual lentiviruses specifically designed for high-
throughput screening (HTS). Sigma-Aldrich purchased all rights and is the sole supplier of TRC shRNA 
libraries, and has undertaken extensive validation and expansion of the library.  The mouse library 
contains multiple clones (each clone represents a unique sequence for mRNA knockdown) for 
individual targets with 99.6% of genes having at least 4 clones and high-value genes having 5 or more 
clones.  The entire clone set for the mouse shRNA library now consists of 77,713 separate plasmids.  
These are contained in 820 individual 96-well plates as frozen bacterial stocks organized in a bar-
coded rack system.  We have recently purchased the entire library as plasmid stocks (each 
representing an individual clone), as well all the necessary automated systems (see description of 
equipment) for high throughput production of lentivirus.  The benefit of the lentiviral system over other 
expression systems, such as transfection, is multifold.  First, both dividing and non-dividing mammalian 
cells are amenable to transduction (transduction being different from infection, in that the virus is 
replication-incompetent).  Second, lentivirus transduction allows for stable integration into the host 
genome, bypassing the possible loss of the expression cassette, as can occur in all other systems. 
Third, transduction efficiency is maximal with most mammalian cell types showing nearly 100% genome 
incorporation as assessed by positive selection (puromycin selection cassette). The TRC shRNA 
Library was designed to minimize off-target effects, and the redundancy of nearly 5 different shRNAs 
per gene allows for internal validation [21].  Moffat and colleagues also showed that the VSV-G 
pseudotyped lentivirus that is used for the TRC library very efficiently transduces MEFs and most other 
celltypes in culture [21], a finding that has been duplicated in our laboratory.  Further validation is 
available via rescue experiments by utilization of clones containing 3’ UTR hairpins (the library contains 
a 3’ UTR clone for almost all genes).  Thus, knockdown of protein expression can be rescued by 
expression of cDNA constructs, given that 3’UTR 
hairpins will not target the exogenous copy of the 
protein; thereby confirming that the effect seen by an 
shRNA clone is in fact due to a reduction in the 
targeted gene.  We have already examined the 
integrity of the library and lentiviral production 
process with a number of individual shRNAs from our 
purchased library. For example, we “hot-picked” 
shRNA lentiviruses for all 5 clones against cyclophilin 
D (mitochondrial peptidyl-prolyl isomerase) and 

Figure 1. Western blotting for CypD from MEFs infected with control 
lentivirus or 5 separate lentiviruses that have shRNAs for cyclophilin D.  #1 
and 5 completely knockdown protein expression, and #2-4 are partial. 
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transduced primary and immortalized fibroblasts (Figure 1). The data show that 2 of the 5 shRNA’s 
against cyclophilin D eliminate all protein, while the remaining 3 significantly reduce expression. We 
repeated this entire process for another gene, superoxide dismutase 1 (SOD1), again in MEFs (Figure 
2). Compared with 2 different control lentiviruses containing scrambled shRNAs, 4 of the 5 SOD1 
containing lentiviruses significantly reduced SOD1 protein expression, with #46 resulting in a greater 
than 90% knockdown, and #47 producing a 80% knockdown (#45 and 48 showed an approximate 60% 
knockdown). 
 We have also tested 3 other genes that contained at least 
5 different shRNAs and they also showed 2-3 shRNAs that 
resulted in a near complete loss of the target protein.  Collectively, 
these results indicate that the shRNA library is a valid system to 
selectively reduce or eliminate gene expression in cultured 
fibroblasts, either primary or immortalized.  It should also be 
stated that our lentiviral infections routinely produced 100% 
infectivity in MEFS, even without antibiotic resistance marker 
selection.   
 
Subaim A. Unbiased genome-wide screen for genes that alter fibroblast activation 
The primary platform to be instituted here is a total lentiviral library of shRNAs that covers 
approximately 80% of the mouse genome (at present).  Sigma is continuously updating this 
library and it is expected to cover more than 95% of the mouse genome in the coming 18 
months (these new clones will be added), reaching over 100,000 individual lentiviruses. As 
discussed in the preliminary data we have purchased the plasmids that contain an entire 
mouse library of nearly 80,000 individual lentiviruses arrayed for 
robotic processing and subsequent cell-based assay screening in 96- 
or 384-well format.  This TRC library and its lentiviral carrier strategy 
is vastly superior to any other RNAi platform in achieving long-term 
single gene knock-down in a mammalian cell context for discovery 
purposes.  This system routinely results in near 100% infectivity of 
fibroblasts [21]; (and our unpublished observations).  Root and 
colleagues used this system to identify approximately 100 novel 
genes that affect mitotic progression and proliferation of mammalian 
cells in a routine 96-well cell-based assay [21].  The figure from their 
2006 Cell paper that describes the shRNA plasmid, the library, and 
the entire screening process is reproduced here, although we 
modified the scheme (panel B) to show the processing that will be 
done by us given our purchase of the shRNA containing plasmids as 
glycerol stocks for the entire lentiviral library (Figure 4). Full-scale 
library production begins with bacteria growth in 96-deepwell plates, 
in a specialized shaker/incubator that we have purchased.  The 
plates are processed in automated fashion (Beckman FXp robotics) 
for isolation and purification of transfer plasmid DNA.  An isolation kit 
specifically designed for this library (Sigma HP) is used to generate 
the highest quality DNA for transduction into a HEK293T packaging 
cell line. The DNA must be accurately quantified (PicoGreen ELISA, 
Invitrogen) in automated fashion to ensure highly reproducible 
packaging efficiencies.  Using a second robot that directly 
interfaces with a tissue culture incubator (Beckman FXp dual-Span-

Figure 2. Western blotting for SOD1 from MEFs 
infected with control or 5 separate lentiviruses that 
have shRNAs for SOD1.   

 
 

Figure 4. Scheme for total genome lentiviral 
library production starting with the shRNA 
plasmids.  Adopted from Moffat et al., 2006 
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8 coupled to a Cytomat incubator), the purified plasmid containing the shRNA transcript is 
transfected along with a packaging mix consisting of a packaging vector and envelope vector 
into 96-well plates of HEK293T cells using Fugene 6.  Cell media is changed after 16 hr and 
allowed to incubate an additional 24 hr before the first viral harvest, followed by a second 
harvest 24 hr later.  The collected viral particles are quality controlled for titer and identity via 
high-throughput p24 ELISA assay and automated digestion or sequencing of ~5% of the library 
(clones from every 96-well plate).  The library, in lentiviral form, is then frozen in multiple 
aliquots at -80°C for use in high throughput screening (HTS). We have the viral production 
core facility fully equipped and operational at CCHMC to generate virus through the scheme 
shown in Figure 4, panel B.  However, the actually HTS screening itself with fluorescent/visual 
detection is performed at the Genome Research Institute (GRI) of the University of Cincinnati 
in their pharmaceutical-grade robotic screening facility. The GRI Discovery group employs 
fully-integrated robotic systems capable of many standard detection methods including: 
absorbance (OD), luminescence, fluorescence intensity, fluorescence polarization (FP) and 
fluorescence resonance energy transfer (FRET) (Figure 5); as well as a high-content confocal 
detector (Opera Platform) that can measure up to 4 different colors or wavelengths in a single 
sample (see letter, Dr. Papoian).  The screening system is capable of 
performing an entire genome-wide screen (820, 96-well plates or 200, 
384-well plates) in three week’s time (see resources page for a full 
description of our capability for HTS screening on campus).  
 While not based on the lentiviral approach, others have also 
demonstrated that an shRNA/RNAi strategy can be an effective 
platform for gene discovery [52].  Green and colleagues discovered 22 
novel genes, that when knocked-down, increased metastasis activity of 
B16-F10 melanoma cells, one gene of which was the focus of a 
Genes and Development paper (Gas1) [27]. Thus, the state of 
technology has evolved considerably over the past 2-3 years such 
that a total genome screen with an shRNA-based approach is not only 
feasible, but extremely reliable and powerful.  We have fully implemented this technology in 
our division with resources from the Howard Hughes Medical Institute (Molkentin) and the 
Children’s Hospital Research Foundation.   
 
Generation of an appropriate responder cell line.   
Our overall goal is to identify nodal control genes that underlie fibroblast activation.  Fibroblast 
activation is an ill-defined process that involves multiple stimuli and growth factors/cytokines, 
and while there is clearly a great deal of complexity to this process, a cell-based screening 
assay requires simplicity with no more than 2-3 end-points.  Two end-points that we have 
selected depend on re-expression of aSMA and periostin using a transcriptional reporter-
based system that is easily detected and amenable to HTS with the lentiviral library.  Once 
again, aSMA is only induced in activated fibroblasts that adopt a myofibroblast phenotype 
within a developmental “hotspot” or an area of injury in vivo, or following TGFb stimulation.  
Periostin is similarly only induced in activated fibroblasts that also tracks with areas of tissue 
remodeling in development or injury, and following TGFb stimulation. 
 Fibroblasts from aSMA-RFP transgenic mice will be used, which will also contain a 
stable transformant of the periostin promoter fused to eGFP.  The aSMA-RFP transgenic mice 
contain a 3 kb region of the aSMA promoter fused to RFP.  This transgene only becomes 

Figure 5. Robots at the HTS facility at 
the GRI for the final screening step in the 
discovery process with the lentiviral 
library. 
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expressed in vivo in areas of injury or in response to TGFb stimulation [26].  We have also 
shown that the aSMA and periostin-luciferase reporters are strongly activated by TGFb 
(Figure 3).  Considering all these data, a single fibroblast cell line will be obtained and 
immortalized with standard 3T3 conditions of culturing past the senescence plateau (passage 
as high as 50 if needed, although 20 is more typical). As a backup we will also transform these 
reporter fibroblasts using the SV40 plasmid to ensure their continuation and use in low serum 
conditions.  Indeed, the preliminary data shown in Figure 3 were performed in SV40 
transformed fibroblasts that were cultured in 0.25% serum for 24 hrs, so as to allow stimulation 
with TGFb and other agonists (primary MEFs and HSCs do very poorly in low serum and are 
thus poor for inducibility experiments in a high throughput context).  Once a cell line or cell 
system is generated it will be rigorously evaluated to ensure reproducibility.  The screen will 
consist of over 200, 384-well plates that are measured over 3-weeks time (condensed from 
820, 96-well plates).   
 The most critical aspect of the screen is reproducibility, such that cells on the first plate 
respond identically to cells on the 200th plate for induction of aSMA and periostin (over 3 
weeks time). Most genes are targeted with 4-6 separate shRNAs, which dramatically reduces 
false positives if the stringency is set such that at least 2 shRNAs for the same gene produce a 
positive reading.  Such processing requires superior reproducibility, which is why a 
transformed cell line is desired given defined growth characteristics in culture and tolerance of 
low serum conditions that may be needed for induction of the myofibroblast phenotype and the 
employed reporters. Clearly we would prefer to perform all studies in HSCs, but these cells are 
not ideal of HTS screening, but will be extensively used in secondary screens. 
 
Identification of genes that induce fibroblast activation when inhibited  
The most straightforward means of identifying genes that regulate fibroblast activation and 
phenotypic modulation is to screen for fibroblast activation under low serum, quiescent 
conditions without any stimulation.  We can then identify genes that activate aSMA and 
periostin reporter expression when inhibited.  For example, BMP and HGF are growth factors 
that can maintain fibroblasts in a non-activated state.  These and possibly other 
cytokines/growth factors function in an autocrine manner to maintain “quiescence” in cultured 
fibroblasts.  To screen for genes that restrain fibroblast activation, highly defined culture 
conditions are needed in conjunction with positive and negative controls.  The reporter 
fibroblast cell line will be seeded on fibronectin-coated 384-well flat-bottomed plates and 
allowed to become 100% confluent, at which time they will be infected with the lentiviral library 
overnight for 14-18 hrs.  This is accomplished by robot-controlled addition of 8 ml of high-titer 
viral particles harvested from the HEK293T packaging cells shown in Figure 4.  The media 
containing viral particles is then removed and the media is replaced with DMEM (high glucose 
with pyruvate) containing 0.25% serum.  The cells are then allowed to incubate for 96 hrs 
before analysis to ensure enough time for optimal knockdown of a target gene and turnover of 
the targeted protein after lentiviral infection.  Six positive control wells will be incorporated on 
each plate and will consist of duplicates of 10 ng/ml TGFb, 10% serum, and a mix of 
AngII/Endo-1.  Negative controls are built into the library on each plate and they consist of 
scrambled, non-sense shRNAs in lentivirus and an empty vector control lentivirus.  Quality 
control measures will ensure that all plates are uniformly confluent at the beginning of the 
experiment, and that infection is generally 100%.  To achieve these last two goals, each of the 
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Figure 6. αSMA promoter luciferase reporter activity from transiently 
transfected transformed fibroblasts treated with TGFβ for 24hrs and 
prior infection with adenoviruses encoding SMAD2, SMAD6, or SMAD7. 
 

384-well plates will be scanned visually by hand, and a lentivirus containing GFP will be 
incorporated in three different positions on each plate.  
 We will stagger the screen over 3 weeks, so that approximately 15, 384-well plates are 
produced and infected each day (200 total).  At the end of the 96 hr incubation period, all 15 
plates will be subjected to robotic processing through the scanner and automated data 
collection systems.  The scanner easily quantifies total GFP/RFP signal in each well using the 
fluorescent intensity setting.  Both data sets are acquired and standard bioinformatics are 
performed on each plate and local averages are calculated.   
 We will be most interested in those wells where both aSMA and periostin signals are 
induced, given that both are accurate markers of fibroblast activation.  It will also be critical to 
validate any positive readings across the entire library by inspecting the aSMA and periostin 
“activity” across the “sister” shRNAs that are directed against the same gene (but a different 
part of the cDNA sequence).  While not all shRNAs completely reduce target gene expression, 
most reduce expression by at least 50%, and 
many have at least 2 shRNAs that reduce 
expression by greater than 80%.   
 Genes that are found more than once 
across the screen will be collected for a 
secondary, confirmatory screen performed at 
the lab bench (non-robotic) in 96-well plates 
using our Synergy 2 plate reader (BioTek).  For 
the secondary screen we will use freshly 
prepared primary HSCs (liver fibroblasts) from 
mice that are then transfected with the aSMA-
luciferase reporter, and separately the periostin-

luciferase reporter (Figure 3), followed by infection with the candidate lentiviral clones, 
including a 3’ UTR shRNA construct for cDNA rescue experiments to confirm specificity.  Use 
of primary HSCs will guard against any artifacts associated with the transformation procedure 
in the cell line that was used for the primary screen.  Clones that pass these tests will be 
subjected to additional analysis in sub-aim B (see below). 
 
Identification of genes that downregulate fibroblast activation when inhibited.  
An entirely separate screen will also be instituted to identify genes that reduce fibroblast 
activity when inhibited.  This would be the opposite approach to what was described above, 
and would attempt to identify genes that normally induce fibroblast activation.  We will use the 
same reporter fibroblast-like cell line described above.  However, the entire screen will be 
performed in low serum DMEM (0.25% FBS) with TGFb supplementation at 10 ng/ml to induce 
the aSMA and periostin reporters.  The screen will then identify genes that reduce aSMA and 
periostin expression in the presence of TGFb. A critical positive control here would be a 
lentivirus containing an shRNA against ALK5 (TGFb receptor) or other critical pathway 
components (SMAD2/3, etc).  Indeed, we have shown that overexpression of the inhibitory 
SMADs (SMAD6/7) by adenoviral infection potently inhibited TGFb-induced expression of the 
aSMA-luciferase reporter in transformed fibroblasts in 0.25% serum (Figure 6).  Moreover, 
overexpression of the TGFb-activating SMAD, SMAD2, strongly induced aSMA reporter 
activity, such that TGFb no longer significantly activated (Figure 6).  These results suggest 
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that TGFb-induced reporter gene activation can be altered by changing pathway constituents, 
most importantly that the entire cell-based assay system can be inhibited. 
 Negative controls for the proposed screen would consist of the lentiviruses containing 
scrambled, non-sense shRNAs that are contained on each plate.  The quality assurance 
controls discussed above will also be critical here (lentiviral-GFP expression, and confluency), 
as well as a third detection system for total cellular viability and metabolism in case one of the 
shRNAs kill or compromise the cells.  To control for this later possibility, we will include a third 
screening parameter for total viability and mitochondrial respiration with MTS, which with 
phenazine methosulfate (PMS) produces a water-soluble purple in color that is easily detected.  
This viability/respiration assay would be performed after GFP/RFP detection.  Finally, we will 
again be most interested in those clones that reduce both aSMA and periostin together, as well 
as those clones that give a positive result with a sister shRNA clone for the same gene.  A full 
secondary, confirmatory screen will be performed in HSCs in 96-well format. 
 
 


