
 The CRISPR nuclease system can be employed to efficiently knockout osteosarcoma genes for functional 
characterization in vitro

 Phenotypic validation of some of our candidate metastasis TSGs does lead to changes in proliferation, 
anchorage-independent growth, and migratory ability
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Abstract

Conclusions

Future Directions
 Continue LOF screens using the CRISPR nuclease system to target every candidate tumor suppressor gene 

identified in the SB screen in 4 human OS cell lines
 Further evaluate selected genes for lung metastasis formation using tail vein injection in immunodeficient

mice

Medium Throughput CRISPR Screen Overview

 Test candidate metastasis genes in soft agar colony formation, transwell migration and MTS proliferation 
assays compared to HPRT control treated in human OS cell line (HOS)

 All scoring candidates will be seeded in secondary lung metastasis assay in immunodeficient mice through 
tail vein injections

 The cells will contain a luciferase gene so bioluminescence imaging can be done to track metastasis 
formation

 By putting modified cells into nude mice will allow further determination if these genes are drivers of the 
metastatic phenotype

Primary Screening: 
Functional Assays

Secondary
Metastasis Screening: 
Lung Metastasis Assay

Primary Screening Results

Generating Gene Knockouts Using CRISPR/Cas9

Transwell Migration Assay MTS Proliferation Assay

Project Outline

Fig. 2 (a) Schematic of the RNA-guided Cas9 nuclease. The Cas9 nuclease 
(in yellow) is targeted to genomic DNA by an sgRNA consisting of a 20 
nucleotide guide sequence (blue) and a scaffold (red). (b) The resulting 
DSB can then be repaired by the efficient, but error-prone Non-
Homologous End Joining (NHEJ) pathway. 

Soft Agar Colony Formation

Surveyor Detection Assay Provides a Simple and Robust Method to 
Detect Mutations and Polymorphisms in DNA

Fig. 3 (a) The Surveyor assay is based on DNA endonuclease from celery. Surveyor nuclease cleaves 
at the 3' side of any mismatch site in both DNA strands, including all base substitutions and 
insertion/deletions up to at least 12 nucleotides. (b) Validation of mutations in targeted genes.
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Metastasis is a Top Factor Associated With Poor 
Outcome

1) Mainstay therapies in need of improvement
 Quality of life issues in children
 Risk of recurrence 
 Dismal 5-year survival (<29%) w/ clinical metastasis

2) Highly aggressive nature 
 20-30% of osteosarcoma patients have overt metastases   

at diagnosis
 40% of patients will develop lung metastases at a later 

stage

Photo courtesy of Josh Parker, The Comparative Pathology 
Shared Resource (CPSR), University of Minnesota

Primary Screening Assays 
 Hypothesis 
 By knocking out candidate tumor suppressor genes using the CRISPR system we can assess any 

change in the tumorigenic phenotype of the cells and validate many of the candidate OS genes 

 Soft Agar
 Measures the ability of transformed cells to grow in an anchorage-independent manner
 Loss of candidate TSGs allows cells to grow independently without signals from neighboring cells
 Assessing the number of colonies formed by control and experimental cell lines one wqqqcan 

determine how well the cells survive and grow independently of each other and determine if the 
KO cell lines in fact did have an increase in the tumorigenic phenotype

 MTS
 Measures proliferation of cells
 Used to construct a growth curve of cells over five days
 Measured relative cell proliferation rates between control and experimental groups
 Some modified cells would be expected to grow at a faster rate than non-modified cells 

 Transwell
 Measures the migratory ability of a population of cells
 Healthy cells require signals to attract them to move from one place to another
 Cancer cells don’t always need these signals, or they can secrete the signals themselves
 By isolating cells from a chemoattractant (FBS was used) it would be expected that the normal cells 

would not be able to migrate towards the chemoattractant but that some of our KO cell lines would 
gain the ability to do this

Osteosarcoma is the most common bone malignancy, which has a high tendency to metastasize, and these 
metastasis are the main cause of death among patients.  While progress has been made to uncover 
mechanisms and pathways following oncogenic transformation that leads to osteosacomagenesis, it is often 
difficult to elucidate precursors and genetic derangements that are causative. The Sleeping Beauty (SB)
transposon mutagenesis system has emerged as a powerful tool for cancer gene discovery. Mutagenic 
transposons can be mobilized in mouse somatic cells by a transposase enzyme and insert themselves 
randomly into the genome and mutate cancer genes. Identification of candidate cancer genes is carried out 
using the transposon as a molecular tag through analysis of recurrent insertion sites termed common 
insertion sites (CIS). This straightforward identification of candidate osteosarcoma genes has not been 
possible with other mouse models of osteosarcoma or human tumor samples, which makes this approach 
highly innovative. To this end, we previously performed a forward genetic screen in mice using the SB
transposon-based mutagenesis system to identify genes that promote osteosarcoma development and 
metastasis. For the first time, the genes promoting osteosarcoma development and metastasis were directly 
identifiable by use of transposon insertion mapping. In an attempt to further study our candidate cancer 
genes (CCGs), we have implemented the CRISPR/Cas9 nuclease system to perform a medium throughput 
screen of all candidate metastasis tumor suppressor genes (TSGs) identified in our screen. To this end, we 
have previously generated and validated CRISPR gRNAs to target all metastasis TSGs identified in our 
osteosarcoma SB screen (~38 genes). Using a human osteosarcoma cell line (HOS), we are targeting all these 
genes and screening for their ability to increase colony formation in soft agar and migration in a Boyden 
chamber transwell assay. Genes that score positively in the soft agar and/or transwell assays will be further 
tested for xenograft tumor formation and metastasis formation in immunodeficient mice. This focused 
CRISPR screen on osteosarcoma candidate metastasis TSGs is ongoing and new results will be reported.

Design CRISPR gRNA using the on-line 
software design program from
http://zifit.partners.org/ZiFiT/ChoiceMenu.asp
x

Construct and validate gRNA vectors for each 
candidate tumor suppressor gene 

Transiently transfect OS cell lines with gRNA 
and Cas9 to induce double stranded breaks 
into gene of interest

Isolate genomic DNA for further 
analysis

Run Accuprime PCR to amplify DNA 
surrounding the gRNA cut site

Preform a CEL1 assay to determine if cutting 
occurred within the genes of interest and 
determine rough estimate of percent gene 
modification

Primary screening assays

Soft Agar
Anchorage-independent growth

MTS
Proliferation

Transwell
Migration
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