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The CRISPR/Cas9 system in gene editing of

cancer stem cells

By Manreet (Sonia) Padwal

It has been well documented that cancer develop-
ment is a result of multiple mutations within tumor cells.
Unfortunately, current treatments do not guarantee com-
plete removal of the tumor and the cancer may reappear.
Much existing literature suggests that a small population
of cells within the tumor has the ability to induce tumor
formation and growth (1). This small population of cells,
referred to as cancer stem cells, seem to arise from the
accumulation of mutations in normal stem cells over a
long period of time. Opposing theories still suggest all
cells have the ability to initiate tumorigenesis (Branav-
an Manoranjan. Conversation with Manreet Padwal.
2016 Dec 15%*), but the stem cell theory has been well
established in leukemia and solid malignancies (1).

With accumulating evidence in support of the can-
cer stem cell theory, scientists are investigating an ap-
proach to specifically target the tumor-initiating stem cell
(1). Current therapies are centered around treating the
bulk of tumor cells and fail to treat the tumor-initiating
stem cell population. If any of the stem cells survive,
the cancer may reoccur (1), which is why emphasis has
shifted to direct targeting of the tumor stem cell popu-
lation. Dr. Sheila Singh of McMaster University is lead-
ing research in investigating the most frequent form
of brain cancer: glioblastoma. Her research focuses
on identifying tumor stem cell markers and generating
a customized approach to target and eliminate these
specific cells. Branavan Manoranjan, an MD/PhD stu-
dent in Dr. Singh’s lab, notes that “markers that identify
stem cells in the brain have not been concretely iden-
tified and this ultimately comes down to methodology.”

Gene editing technology is a powerful tool applicable
to genome editing in a range of pathologies (2). Investi-
gators are beginning to use a more simple and versatile
CRISPR/Cas9 gene editing system to identify new cancer
stem cell markers. Dr. Chitra Venugopal, a Research As-
sociate in Dr. Sheila Singh’s lab, is using CRISPR/Cas9
to map out the tumor landscape in human glioblastoma
by altering genes to understand their role in tumor for-
mation. “With the ease of CRISPR/Cas9, everyone is
transitioning” (Dr. Chitra Venugopal. Conversation with

Manreet Padwal. 2016 Dec 15*). According to Manor-
anjan, “a study like this gives us an idea of what genes
are expressed at that particular time point and therefore
we can create a customized therapy for that target.”

Current investigators have identified the expres-
sion of CD133 as a marker of cancer stem cells and
a potential therapeutic target (3). Dr. Venugopal is try-
ing to develop a more selective approach to identify
CD133-positive cells and is using a drug or antibody
to target these cells. Researchers are also investigat-
ing the possibility of using the patient’'s immune cells
to target cancer antigens. To this end, the CRISPR/
Cas9 system can be used to edit the immune cell gen-
ome to better recognize antigens on the tumor (4). Dr.
Venugopal discusses the potential of using immune
cells to recognize antigens such as CD133 as a means
of specifically targeting tumor-initiating stem cells. “The
ultimate goal would be to design an immune cell to hit
multiple antigens at the surface,” says Manoranjan.

A Chinese team is already using the CRISPR/Cas9
gene editing technique to engineer immune cells to
knock out PD-1, a gene cancer cells take advantage of
that acts to dampen the immune response, ultimately
resulting in less detection of cancer cells. Thus, deletion
of PD-1 would create more active immune cells and boost
the immune system in fighting cancer more effectively
(5). Although scientists are still far from perfecting this
treatment, the CRISPR/Cas9 gene editing technique is
making headway and shows promise in the field of cancer
research. With further investigation, CRISPR technology
will allow scientists to modify the immune system to
directly target cancer stem cells, potentially leading to a
strategy to treat and prevent the progression of cancer. B
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