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1. What is ‘biological pacemaker’?



Pacemaker



Problem of current implantable pacemaker



Problem of current implantable pacemaker



Evolution of pacemaker



Biological pacemaker







Movement to US – 07/13/2019



2. Vector change: from adenovirus to mRNA



Adenovirus vector vs. modified. mRNA vector

Potential advantages of mRNA gene transfer
 Fast peak expression
 Less or no immunogenic response
 Repeat injection possible

 No genomic integration
 Long-term safety

 Human use compatibility, in the futur
e



Gene transfer of modified mRNA to cardiomyocytes are fast and highly efficient
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3. For long duration pacing,
Incorporation of TGF-ß inhibitor: A8301

TGFß inhibition 



TBX18 iPM with EMT inhibition can produce stable long-term pacing

Hu et al., Sci Transl Med 2014

Function of TBX18 iPM decrease 11days 
after injection

TGFβ signaling pathway is correlated with fibrosis which 
can contribute source-sink of TBX18 iPM



Fibroblast proliferation and differentiation into myofibroblast
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Comparison in rat CAVB model : GFP vs. TBX18+A8301

Day -7 Day 0 Day 14
; Complete AV block creation ; TBX18 injection & Telemetry implantation

Day 7
; Iso test

TBX18mRNA + A8301 VS GFPmRNA (n=2, each group)
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4. Pig study

Induced biological pacemaker by TBX18 modified mRNA 
in porcine CAVB model



Pig study design
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CAVB model & mRNA injection



Pacemaker implantation



Electrical map, NOGA map, Fluoroscopy



Real time EGM  



DSI: telemetry



Autopsy



Creation of AV block

After AV node ablation Lead II

Sinus rhythm Lead II

Sinus rhythm Abl tip
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His potential
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GFP 

Tbx18
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Change of ECG parameters
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Pacemaker Dependence
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Isoproterenol Challenge test
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2019 GFP vs. TBX18 – mean BPM - #Day (00:00~00:00)
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2019 GFP vs. TBX18 – Max BPM -00:00~00:00 - 1 Hr interval 
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2019 TBX18 Total activity vs. HR 
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TA vs. HR: Pearson correlation coefficient (R) =  0.67, p<0.001 (2~4wks)
TA vs. SBP: Pearson correlation coefficient (R) =  0.17, p<0.001 (2~4wks)



2019 GFP Total activity vs. HR 
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TA vs HR : Pearson correlation coefficient (R) =  0.21, p<0.001 (2~4wks)
TA vs SBP : Pearson correlation coefficient (R) =  0.04, p=0.346 (2~4wks)



Conclusion 

1. Induced biological pacing by TBX18 mod.mRNA had higher mean and Max

heart rate than controls.

2. Induced biological pacing by TBX18 mod.mRNA lasted for more than 4 wks.

3. Induced biological pacing by TBX18 mod.mRNA was well matched to

biological activity.

4. Induced biological pacing by TBX18 mod.mRNA was safe without

arrhythmogenicity.
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