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From theory to practice in biological pacing—how to recreate an atrioventricular conduction pathway
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Regenerative Medicine Research Center, Second Military Medical University, Shanghai 200433, China

[Abstract| Complete atrioventricular conduction block, a significant complication of many heart diseases, is a
serious threat to human health, and the biological pacemaker is a research focus in this area. In this paper, we discussed
the current obstacles of biological pacemaker from laboratory to clinical application and summarized our practice. We put

forward the following considerations for establishing a new atrioventricular conduction pathway: (1) engineered conduction
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tract or tissue (ECT) is a relatively ideal way to treat atrioventricular conduction block with biological pacing; (2) a

transgene-independent method for the generating pacemaker or conduction cells from adult stem cells makes it easy for

the biological pacemaker or ECT application; (3) the conduction velocity regulation is important to achieve the

physiological atrioventricular conduction in clinical application with ECT; and (4) the feasible solutions of regulating the

conduction velocity depend on the cell types and connexins expressions in ECT. It is believed that ECT will soon have a

significant impact on the clinical transformation of biological pacing application.
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Fig 1 Engineered conduction tract or tissue (ECT)
was prepared in vitro and then transplanted
into atrioventricular junction in vivo

CPCs: Cardiac progenitor cells; CSS: Collagen sponge scaffold;
AVB. Atrioventricular block; SN
bundle;  AN:

Sinoatrial node; IB:
Interauricular Atrioventricular ~ node;  AB:

Atrioventricular bundle; PF: Purkinje fiber
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Fig 2 Engineered conduction tract or tissue (ECT) was
observed by macroscopic and H-E staining
A Gross morphology of ECT cultured for 2 weeks (length 8. 0 mm,
width 2. 5 mm); B: H-E staining of ECT cultured for 2 weeks; the

cultured cells formed a conductive fibrillar structure on the scaffold
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Fig 3 Detection device and signal wave schematic diagram of
conduction velocity of engineered conduction tract or tissue (ECT)
Ad: Distance between A and C channel; Az: Signal conduction time

between A and C channel
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Conduction duration: 2 000 ps
Electrode distance: 3.300 mm
Conduction velocity: 1.650 m/s

E4 ARATRAUOESRESEERIEHRIIE
Fig 4

Conduction duration: 4 000 ps
Electrode distance: 3.300 mm
Conduction velocity: 0.825 m/s

Test of the regulating effect of the conduction
velocity of engineered conduction tract or tissue (ECT)

A: The conduction velocity of ECT before regulating; B: The

conduction velocity of ECT after regulating. 1. Signal of input A

channel; 2: Signal of input C channel
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Tab 1 Signaling pathways and transcription factors effectively regulating connexin phenotype

in atrioventricular junction developmen

t[7,47-53]

Signaling pathway or transcription factor

Connexin phenotype

Regulation effect

Wnt signaling Connexind3
Notch signaling Connexin40
Connexin43

Neuregulin/ErBb signaling

Connexin30.

Connexin4d3

Down-regulation
Up-regulation
Non-regulation
Down-regulation

Up-regulation

Bmp2/Alk3/Smad Connexin40 Down-regulation
Connexin43 Down-regulation

Tbx2, Tbx3 Connexin40 Down-regulation
Connexin30. 2 Up-regulation

Thx5 Connexin40 Up-regulation

Gatad Connexin30. 2 Down-regulation

Gata6 Connexin40 Up-regulation
Connexin30. 2 Non-regulation
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