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A lineage study for cardiac conduction system in mice

t & B wWa B2
B HE KA
P O
Bk FH TeoH
FRme g )\ K KRIRKF




(A= 2)
(Separate Form 2)

A LD HH
Summary (Abstract) of doctoral thesis contents

The heart is an essential organ for blood circulation to whole body via keeping heart
beats with constant rhythm. The rhythm is produced by electric stimulation
generated autonomously in the cardiac conduction system (CCS). The defects of CCS
induce severe cardiac disease called cardiac arrhythmia. Popular therapies for the
disease are the implantation of pacemakers and catheter ablation, but the quality of
life of the patients is limited with these methods. For this reason, establishing a new
therapy by transplantation of CCS cells is expected. However, the method is not
established yet because the origin and developmental process of CCS cells have not
been understood well.

The CCS is composed of special cardiomyocytes called pacemaker cells and
Purkinje cells. Pacemaker cells in the sinoatrial node (SAN) and the atrioventricular
node (AVN) can produce electric stimulation and the stimulation is expanded to all
cardiac chambers via Purkinje cells. Although CCS cells are a kind of cardiomyocyte,
its developmental process is different from the myocardium based on the previous
lineage tracing study using MespI-Cre. Even though Mespl lineage contributes to
almost all cardiac components derived from the cardiac crescent, the CCS was not
derived from the Mespl lineage. On the other hand, cell tracking analyses by dye
labeling using mouse and chick embryos implied that progenitor cells of CCS are
localized in the caudal-lateral parts of the cardiac crescent. Based on these studies, I
hypothesized that CCS progenitor cells can be identified by specific marker genes
which are expressed on the cardiac crescent.

As a candidate gene possibly marking early CCS progenitor cells, I focused on the
Secreted-frizzled related protein 5 (Sfrpb) gene. Strp5-venusYFP (vYFP) knock-in
(KI) mice revealed that the expression of vYFP was observed in the cardiac crescent
stage and gradually restricted to the CCS in the four-chambered heart stage. It
suggests that Sfrpd is continuously expressed in CCS lineages during development.
In order to trace the lineage of Sfrp5, I generated Cre and CreERT2 KI mice in the
Sfrpblocus. The lineage tracing analysis using Sfrps-Cre mouse revealed that the
descendants differentiated into many cardiac components including the CCS in all
the chambers except for myocardium in the right ventricle. Furthermore, the lineage
tracing analysis using Sfrp5-CreERT2 mouse indicated that the Sfrp5 expressing
cells at embryonic day (E) 7.5 contributed to the CCS. This result indicated that
Sfrps could mark CCS lineages much earlier than Hcn4, which is known as a CCS
lineage marker gene and can mark CCS lineages only after E9.5. However, Sfrps is
not a specific marker for CCS progenitor cells. Therefore, next I focused on the
difference of the contribution between Mespl and Sfrp5 lineages. In order to trace the

cell lineage simultaneously in a single embryo, I established Mesp1-Cre/Sfrp5-Dre
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and MespI-Dre/Strp5-CreERT2 mice. Double lineage tracing analyses using
Mesp1-Cre/Sfrp5-Dre mice showed that major parts of SAN head and Purkinje cells
were derived from the cells once expressed Sfrps but not Mesp1

(Mesplmegative/ Sfrp5-positive cells), and the analyses using
Mesp1-Dre/Sfrps5-CreERT2 mice confirmed that the MespInegative/Sfrp5-expressing
cells at E7.5 contributed to the SAN. To observe these cells at E7.5, I crossed
Mesp1-Cre mouse with CAG-floxed-CAT-mCherry/Sfrp5¥/v mice, and found that
Mespl-negative/ Sfrp5-expressing cells were frequently observed on the posterior side
of the cardiac crescent, implying that the area is the candidate that includes CCS
specific progenitor cells. To further restrict the CCS progenitors, I conducted lineage
tracing analyses focusing on the 7-Cre lineage that marks more posterior mesodermal
cells than the Mespi-Cre lineage. The lineage contribution was observed in the SAN
and Purkinje cells, but not in the AVN. Furthermore, double lineage tracing analyses
of MespI-Dre and T-Cre showed that a few MespI-negative/ T-positive cells observed
on the posterior cardiac crescent are strong candidates for SAN progenitors.

In conclusion, based on the lineage tracing analyses using different combinations
of three markers, I found that SAN and Purkinje cells but not AVN were derived from
a common origin. I expect that isolating the progenitor cells of each CCS components
using these three markers should enable us to identify differentially expressed genes
and help us to understand the developmental process of each CCS components. In
addition, I showed that almost all differentiated cells except for the CCS lost the
expression of Sfrps, implying that SFRP5 has an important role for CCS cell
development. Further analyses focusing on the function of SFRP5 would help in

elucidating the molecular mechanism of CCS development.
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