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Establishment and application of a low-leakage Tet-On inducible
overexpression system based on the PiggyBac transposition system
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Abstract; In order to avoid the leakage expression of the Tet-on inducible expression system and to a-
chieve easy, stable and efficient expression of exogenous gene when induced at a specific time, this study
planned to add the destabilizing domain FK506-binding protein, regulated by the stable ligand Shield-1,
to the N-terminal of the target gene to control its background expression at the protein level. To verify
the performance of this system, the fluorescent protein TdTomato was used as the reporter gene in this
study. The results of flow analysis showed that the leakage expression in the optimized system was re-
duced about 7 times compared with the original one at the protein level. This system was applied to the
in vitro odontogenic induction system based on mouse embryonic stem cells. Under the synergistic effect
of the inducible factor Dox and the stable ligand Shield-1, the induced overexpression of tooth develop-
ment-related transcription factor Hand2 could improve the completion of odontogenic induction.
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Fig. 1 The principle of inducible overexpression system with low leakage and the establishment of cell population with

stable integration of exogenous target gene

(a) The schematic diagram of inducible overexpression system with low leakage; (b) the schematic diagram of establishment of cell pop-

ulation with stable integration of exogenous target gene
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Fig. 2 The leakage expression of the fusion protein with destabilizing domain
(a) Without Dox treatment, all three groups of cells show normal cell growth state. Among these, the test group shows less fluorescent

expression than control group; (b) with Dox treatment, all three groups of cells show normal cell growth state. Among these, the test

group shows less fluorescent expression than control group; (c) the leakage expression of fusion protein with destabilizing domain shows no

obvious change at RNA level; (d) the leakage expression of fusion protein with destabilizing domain shows obvious decrease at protein level
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Fig. 3 Shield-1 can restore the stable expression of DD-TdTomato in protein level

(a) The test group and control group show normal cell growth state when treated with same concentration of Dox and different concen-
tration of Shield-1. Besides, the fluorescent expression is gradually enhanced when the concentration of Shield-1 is increasing. 500 nmol/L
Shield-1 can restore the stable expression of DD-TdTomato at protein level; (b) the flow analysis shows that the fluorescent expression of
test group, under the Dox-treated condition, is stable when treated with 500 nmol/L. or more Shield-1
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Fig. 4 The application of inducible overexpression system with low leakage in the field of odontogenic induction
(a) The test group and control group show normal cell growth state; (b) Dox treatment can correctly induce the overexpression of
Hand2 in test group at RNA level; (¢) the workflow of odontogenic induction; (d) during the odontogenic induction, the test group and con-
trol group show normal and similar growth state; (e) after Dox and Shield-1 treatment, the mRNA expression of Hand2 and Pitx1 in test
group is higher than control group, and the expression of Pax9 and LLhx8 is similar to control group
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