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Screening for Genes Regulating TGF-β-Induced Apoptosis   
 
Background: 
TGF-β, a multifunctional extracellular cytokine, inhibits cell proliferation by arresting cell cycle progression and inducing 
apoptosis.  However, it can also promote metastasis and angiogenesis in some cancer cells.  This acquired resistance to 
the growth-inhibitory function suggests disruption of the TGF-β apoptotic mechanism by genetic alternations that 
inactivate the signal transduction genes in the pathway.  Since TGF-β signaling has been extensively studied, it provided 
a good model system to assess the performance of Cellecta’s shRNA screening library.   
 
Overview: 
For this study, we screened the human hepatocellular carcinoma cell line Hep3B with a pooled lentiviral library containing 
25,000 shRNAs targeting 8,000 well-annotated genes for potential drug targets, transcription factors, and cell signaling.  
In addition, for comparison, we performed a similar screening with two 
other libraries from outside sources—one claiming to have 200,000 
shRNAs targeting 50,000 human genes.   The 27K Druggable Gene library 
was transduced into the cells, then cells were grown with TGF-β which 
induced the death of 95-98% of the cells.  The shRNA expressed in the 
surviving cells presumably protected these cells from TGF-β-induced 
apoptosis, so it is likely to target and down regulate genes required for 
TGF-β signaling.   
 
Experimental Procedure: 
 
Pooled 27K Druggable Gene shRNA Library Construction 
For each of the 8,000 genes 3-4 shRNA sequences were selected which 
defined a set of about 27,000 shRNA bar-coded oligonucleotides to 
synthesize.  The oligonucleotide pool was cloned into Cellecta’s pRSI-
U6Tet-CMV-TetRep-2A-Puro vector to generate an Tet-inducible lentiviral-
vector based 25K pooled shRNA library.  Cloning efficiency and shRNA 
representation in the library was evaluated by HT sequence analysis of 
bar-codes and > 95% of shRNA were present within a 10-fold abundance 
level.  Random sequencing of various clones demonstrated a mutation 
rate of < 0.2%. 
 
Screening 
In duplicate, 2.5x106 Hep3B cells (approximately 100x the number of 
constructs in the library) were transduced with the 27K shRNA Library at a 
multiplicity of infection (MOI) of 0.5.  Cells were then seeded at low density, 
and treated with TGF-β (1 ng/ml) for three weeks.  Genomic DNA was then 
isolated from pooled surviving cells, and the bar-codes corresponding to 
individual shRNAs were amplified and identified by HT sequencing using 
Illumina GAIIx Genome Analyzer.   To assess the total population of 
transduced shRNAs for control purposes, genomic DNA was also isolated and 
shRNAs identified from cells just after transduction but before TGF-β 
selection.  
 
A similar screening procedure was also performed in duplicate with two other 
lentiviral-based libraries—a 27,000 shRNA constructs library made in another 
laboratory and not checked for representation by sequencing, and a 
commercially available shRNA library that claimed to have 200,000 shRNAs 
targeting 50,000 human genes.  Detection of shRNA in surviving cells for 
screens with these libraries was done by conventional sequencing of surviving 
clones for the 27,000 shRNA constructs library, and by hybridization with the 
Affymetrix U133+2 array for the 200,000 shRNA library.  These were the 
recommended protocols for the detection of shRNA after screening with these 
libraries.   

Enrichment of shRNA Blocking Apoptosis from 
TGF-β Screening of Hep3B cells. Genomic DNA 
was isolated from cells just after transduction and 
after treatment, and then shRNA bar-codes were 
amplified and identified using HT sequencing. The 
figure plots the abundance of each shRNA in each 
of the populations (x-axis shows after transduction, 
y-axis after selection).  If selection does not alter the 
proliferation rate of cells containing a particular 
shRNA molecule, the abundance should be 
essentially the same in both treated and untreated 
populations, so the particular shRNA sequence 
should show up directly on the diagonal.  If 
selection decreases the rate of proliferation or kills 
the cells, the shRNA molecules in the cells will be 
much less abundant or missing the treated 
population, and so fall below the diagonal or at the 
base line of detection.  Since this is an apoptotic 
selection, most of the selected cells should be in 
this category and fall at the base line as indicated.  
The shRNA in abundance (more than 100 copies) 
above the diagonal are derived from cells that 
survived and thrived during selection, These shRNA 
target genes are likely critical for the TGF-β 
apoptotic response. 

 
TGF-β Treated Cells 

Untreated Cells



    

 
Phone: 877-938-3910                 www.cellecta.com 
       

AAPPPPLLIICCAATTIIOONN  NNOOTTEE  

 

esults: 

ive knowledge about the components of the TGF-β signaling pathway 

ere identified.  With the 

7K 

onclusion: 

nstrate that RNAi knockdown screening of a targeted set of genes with a well designed pooled library 

 
 
 
 
 
R
 

he extensT
provided us with a defined pool of genes that we expected to find in a successful 
screen. In fact, in addition to identifying a very high percentage of known TGF-β 
signaling pathway components—such as SMAD4, type I and type II TGF-β 
receptors, and WNT5A—the screen also identified a high number of components in 
the PI3K/NFkB pathway (see figure above).  Other positives were also seen, such 
as several general apoptosis genes, including caspase 1.   

With the two libraries from other labs, only three genes w
27,000 shRNA constructs library, we only found TGF-β receptor type 1, and with the 
200,000 shRNA library we identified only transcription factor SMAD4, a gene in the 
TGF-β signaling pathway, and PLCB4, which has not previously implicated in TGF-β 
signaling.  Interestingly, the 200,000 shRNA did not identify the TGF-β receptor.   

Overall, more than 100 known and novel genes were found with the Cellecta 2
Druggable Genome shRNA library.  80% of the identified genes were seen in both 
duplicates.  For 19 of the genes identified in both replicates, shRNA expression 
constructs were made and, in 18 or the 19, knock downs of these genes conferred 
resistance to TGF-β-induced apoptosis (see table to right).   

 
C
 

he results demoT
can provide a comprehensive interrogation of the functional genetic requirements responsible for a particular biological 
response, in this case—TGF-β-induced apoptosis, The marked difference in the results of the Cellecta 27K Druggable 
Genome shRNA screen compared with the screening results from the other libraries emphasizes the importance of the 
library design and quality.  The large number of genes found with the the Cellecta Library is likely a result of several 
factors, including optimal shRNA design, confirmation of the shRNA representation in the library by HT sequencing, 
identification of shRNA after screening by HT sequencing using carefully designed bar codes, and a well optimized 
selection assay.   
 

Expression constructs with shRNA 
sequences targeting 19 of the genes
found during the screening were
made and transduced into cells.  In

 
 
 

18 cases, the genes were knocked 
down and the cells because resistant 
to TGB- β-induced apoptosis.   

TGFBR1  OASL 
ID3  G6PD 
DTX1  LTB4DH 
CASP1  TRIM59 
GABPB2  MMP9 
TCN1  EYA2 
MAF  TGFB3 

DMRTA1  RHOBTB1 
DAP  SMAD4

Genes Confirmed after Screening 

Genes Identified from RNAi Screen for Resistance to TGF-β-Induced Apoptosis.   The diagrams above (generated with Ingenuity Pathway 
Analysis software) display the known interacting network of proteins for the TGF-β and PI3K/NFkB networks.  As indicated by the green stars, 41 
genes were identified in these pathways by screening with Cellecta’s 25K shRNA Lentiviral Library targeting 8,000 well-annotated genes for 
potential drug targets, transcription factors, and cell signaling.    


