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Reporter gene imaging “visualized” the integration of two growing
technologies: CRISPR/Cas9-based genome editing and induced
pluripotent stem cell therapy
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Cardiovascular disease is the leading cause of morbidity and
mortality worldwide. However, the postmitotic human
cardiomyocytes could not regenerate after injuries such as
myocardial infarction (MI), resulting in adverse remodelling
and ischemic cardiomyopathy, which eventually develop into
heart failure. Generation of induced pluripotent stem cells
(iPSCs) was first described in 2006 by Dr. Shinya
Yamanaka, who received the Nobel Prize in physiology and
medicine in 2012 [1]. From then on, hiPSCs have emerged as
a promising source for clinical translation of cell therapy.
hiPSCs can be differentiated into the three major cardiovascu-
lar cell types: cardiomyocytes, vascular smooth muscle cells
and endothelial cells [2]. Numerous preclinical studies have
explored the efficacy of hiPSCs derived cardiomyocytes
(CMs) transplantation therapy in both small and large animal
models of MI [3, 4]. More recently, Dr. Yoshiki Sawa from
Osaka University in Japan performed the first in human trans-
plantation of hiPSC-CMs, grafting sheets of 100 million car-
diac cells on to the heart of a patient with ischemic cardiomy-
opathy. Despite the promising results from these pilot studies,
several critical issues such as the optimal cell dose or delivery
method, in vivo cellular retention, survival and engraftment
remain unclear, limiting the therapeutic benefit and illustration
of underlined mechanism [5]. Therefore, imaging methods
that can monitor the in vivo behaviour of living cells could
be helpful to determine essential parameters of transplanta-
tion, improving the outcome of stem cell therapy [6].
However, previous gene integration approaches rely on

retrovirus, lentivirus, or transposon elements, which mediate
random transgene integration into different loci. Random in-
tegration of gene expression components is not suitable for
clinical translation due to malignant transformation associated
with insertional mutagenesis [7]. For non-invasive longitudi-
nal tracking of transplanted cells, genetic engineering is re-
quired for the constitutive expression of reporter genes in stem
cells [8].

In this issue, Gao et al. investigated the dynamic of hiPSC-
CMs in the heart of MI rat model after transplantation and
correlate the therapeutic effects of cell survival [9]. They ge-
netically engineered human urinary iPSCs to express firefly
luciferase (Fluc) for bioluminescence imaging (BLI), and her-
pes simplex virus thymidine kinase (HSVtk) for PET imaging.
With the recently developed CRISPR/Cas9 mediated genome
editing method, the authors were able to specifically inserted
the reporter genes into the in the AAVS1 locus [10]. Thus, the
resulted human cells are safe for human application because
genetic modification in this “safe harbour” locus is precise.
Moreover, once the transplanted cells fulfil the task or present
adverse effects, the HSVtk can also serve as a “suicide gene”
which allows targeted removal of transplanted cells by ganci-
clovir [11]. This design further increases the clinical safety of
cell therapy. Coincidentally, Drs. Emmanuelle Charpentier
and Jennifer Doudna were awarded the 2020 Nobel Prize in
chemistry this October for developing this genome editing
method. Taken together, this study utilized CRISPR/Cas9
based genome editing to generate clinical applicable
transgenetic hiPSCs for the first time, allowing accurate as-
sessment of the post-transplantation engraftment and thera-
peutic effects with multimodal molecular imaging.

Poor cellular engraftment and survival are the significant
hurdles of stem cell therapy, especially for cell delivery into
the heart [12]. The authors were able to monitor the cell fate
of hUiPSC-CMs in vivo after transplantation into the MI rat
heart for 5 weeks, for the first time, using a multimodal imaging
technique. Their results revealed that the engrafted cells not
only survived but also proliferated overtime. One critical
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question of stem cell-based cardiac therapy is the optimal cell
type. Pluripotent stem cells (PSCs) derived cardiac progenitor
cells is another promising cell type, which is expected to pro-
liferate and regenerate the injured heart by giving rise to more
functional muscle cells [13, 14]. However, whether these cells
can effectively differentiate into the desired cell types remains
unclear [15]. Also, the potential tumorigenicity of undifferenti-
ated cells is another safety concern before moving towards
clinical study. The fate determined hPSC-CMs are considered
to have limited capability of repopulating CMs in the tissue.
Human pluripotent stem cells derived CMs have shown the
great potential of proliferation and plasticity resembling the
human fetal CMs [16, 17]. The hUiPSC-CMs used in this study
retain the post-transplantation mitotic capability and perfectly
integrate into the host heart tissue. Beside directly regenerating
the cardiac muscle tissue, the hiPSC-CMs also present impres-
sive therapeutic effects against MI by directly secreting protec-
tive factors or via extracellular vesicles. In this case, hiPSC-
CMs are excellent cell source for cardiac regeneration therapy.

From the clinical translation prospect, outcomes of cell
therapy are variable among patients due to complicated indi-
vidual conditions. Thus, non-invasive imaging-based longitu-
dinal assessment of stem cell engraftment could play an es-
sential role in the personalized evaluation of the cell therapy
and adjustments of the follow-up treatment. The CRISPR/
Cas9 based genetic engineering of hiPSCs enables the safe
and straightforward integration of the clinically relevant re-
porter genes such as HSVtk, allowing both PET imaging
and removal of the cells. The genetically engineered hiPSC-
CMs hold great potential in regenerative medicine for cardio-
vascular diseases.
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