
 

Even good gene edits can go bad
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The high proportion of LD alleles and genotypes in R-66S RNP-treated S-
HUDEP2 and SCD HSPCs.The genotype of each colony was identified by S-R
NGS, L-R PCR, and ddPCR to account for the dropout of LD alleles. (A) S-R
and L-R PCR primer designs to amplify the region around the R-66S cut site on 
HBB. (B) Genotype results based on S-R NGS with the combination of the three
assays for 100 clones derived from S-HUDEP2 treated with R-66S RNP. (C)
Genotype results based on S-R NGS with the combination of the three assays for
72.5 ± 12.0 erythroid colonies derived from SCD HSPCs treated with R-66S
RNP. The use of S-R NGS significantly overestimated the percentage of small
INDEL (SI) alleles compared with that identified using the combination of three
assays. 23.4 ± 0% LD alleles occurred in 40.1 ± 0.8% colonies, which caused a
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significant reduction of HBB copy numbers in RNP-treated SCD HSPCs. (D)
Genotype results for 79 ± 7 erythroid colonies derived from SCD HSPCs treated
with both R-66S RNP and the corrective ssODN donor. A total of 11.8 ± 0.8%
of alleles had LD in 18.5 ± 2.9% of colonies. S-R NGS overestimated the
percentage of homozygous HDR colonies (35.4 ± 11.3%) compared to that
obtained by the combination of three assays (27.2 ± 7.5%). Credit: Science
Advances (2022). DOI: 10.1126/sciadv.abo7676

A Rice University lab is leading the effort to reveal potential threats to
the efficacy and safety of therapies based on CRISPR-Cas9, the Nobel
Prize-winning gene editing technique, even when it appears to be
working as planned.

Bioengineer Gang Bao of Rice's George R. Brown School of
Engineering and his team point out in a paper published in Science
Advances that while off-target edits to DNA have long been a cause for
concern, unseen changes that accompany on-target edits also need to be
recognized—and quantified.

Bao noted a 2018 Nature Biotechnology paper indicated the presence of
large deletions. "That's when we started looking into what we can do to
quantify them, due to CRISPR-Cas9 systems designed for treating sickle
cell disease," he said.

Bao has been a strong proponent of CRISPR-Cas9 as a tool to treat
sickle cell disease, a quest that has brought him and his colleagues ever
closer to a cure. Now the researchers fear that large deletions or other
undetected changes due to gene editing could persist in stem cells as they
divide and differentiate, thus have long-term implications for health.

"We do not have a good understanding of why a few thousand bases of
DNA at the Cas9 cut site can go missing and the DNA double-strand
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breaks can still be rejoined efficiently," Bao said. "That's the first
question, and we have some hypotheses. The second is, what are the
biological consequences? Large deletions (LDs) can reach to nearby
genes and disrupt the expression of both the target gene and the nearby
genes. It is unclear if LDs could result in the expression of truncated
proteins."

"You could also have proteins that misfold, or proteins with an extra
domain because of large insertions," he said. "All kinds of things could
happen, and the cells could die or have abnormal functions."

His lab developed a procedure that uses single-molecule, real-time
(SMRT) sequencing with dual unique molecular identifiers (UMI) to
find and quantify unintended LDs along with large insertions and local
chromosomal rearrangements that accompany small insertions/deletions
(INDELs) at a Cas9 on-target cut site.

"To quantify large gene modifications, we need to perform long-range
PCR, but that could induce artifacts during DNA amplification," Bao
said. "So we used UMIs of 18 bases as a kind of barcode."

"We add them to the DNA molecules we want to amplify to identify
specific DNA molecules as a way to reduce or eliminate artifacts due to
long-range PCR," he said. "We also developed a bioinformatics pipeline
to analyze SMRT sequencing data and quantified the LDs and large
insertions."

The Bao lab's tool, called LongAmp-seq (for long-amplicon sequencing),
accurately quantifies both small INDELs and large LDs. Unlike SMRT-
seq, which requires the use of a long-read sequencer often only available
at a core facility, LongAmp-seq can be performed using a short-read
sequencer.
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To test the strategy, the lab team led by Rice alumna Julie Park, now an
assistant research professor of bioengineering, used Streptococcus
pyogenes Cas9 to edit beta-globin (HBB), gamma-globin (HBG) and B-
cell lymphoma/leukemia 11A (BCL11A) enhancers in hematopoietic
stem and progenitor cells (HSPC) from patients with sickle cell disease,
and the PD-1 gene in primary T-cells.

They found large deletions of up to several thousand bases occurred at
high frequency in HSPCs: up to 35.4% in HBB, 14.3% in HBG and
15.2% in BCL11A genes, as well as on the PD-1 (15.2%) gene in T-
cells.

Since two of the specific CRISPR guide RNAs tested by the Bao lab are
being used in clinical trials to treat sickle cell disease, he said it's
important to determine the biological consequences of large gene
modifications due to Cas9-induced double-strand breaks.

Bao said the Rice team is currently looking downstream to analyze the
consequences of long deletions on messenger RNA, the mediator that
carries code for ribosomes to make proteins. "Then we'll move on to the
protein level," Bao said. "We want to know if these large deletions and
insertions persist after the gene-edited HSPCs are transplantation into
mice and patients."

  More information: So Hyun Park et al, Comprehensive analysis and
accurate quantification of unintended large gene modifications induced
by CRISPR-Cas9 gene editing, Science Advances (2022). DOI:
10.1126/sciadv.abo7676 

Michael Kosicki et al, Repair of double-strand breaks induced by
CRISPR–Cas9 leads to large deletions and complex rearrangements, 
Nature Biotechnology (2018). DOI: 10.1038/nbt.4192
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