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Abstract
Background: The application of stem cell-based therapies has promising cardioprotective impacts in Ischemia-

Reperfusion (IR) injury, especially in a comorbid condition like diabetes. Preconditioning of mesenchymal stem cells 
(MSCs) in vitro may improve their functions in vivo��+HUH��ZH�KDYH�LQYHVWLJDWHG�WKH�HႇHFWV�RI�SUHFRQGLWLRQLQJ�RI�KXPDQ�
umbilical cord-derived MSCs with Nicotinamide-Mononucleotide (NMN) on myocardial infarct size, and the involvement 
RI�DXWRSKDJ\�ÀX[�LQ�GLDEHWLF�UDWV��

Methods: Type 2 diabetes was induced by a high-fat diet and single-dose streptozotocin in Sprague Dawley rats 
(250 ± 20 g). Myocardial IR injury was applied through ligation of left coronary artery occlusion. NMN-preconditioned 
or unconditioned-MSCs were injected intra-myocardially at early reperfusion. Myocardial hemodynamics was recorded 
WKURXJKRXW�WKH�H[SHULPHQW��&DUGLDF�LQMXU\�ZDV�DVVHVVHG�XVLQJ�WKH�PHDVXUHPHQW�RI�LQIDUFW�VL]H�DQG�&.�P%�UHOHDVH�YLD�
SODQLPHWU\�DQG�(/,6$�PHWKRGV��0LWRFKRQGULDO�IXQFWLRQ�ZDV�HYDOXDWHG�E\�ÀXRURPHWULF�DVVD\V��$XWRSKDJ\�UHODWHG�SURWHLQ�
H[SUHVVLRQ�ZDV�HYDOXDWHG�XVLQJ�LPPXQREORWWLQJ��

Results:�$GPLQLVWUDWLRQ�RI�101�RU�06&V�DORQH�KDG�QR�VLJQL¿FDQW�SURWHFWLYH�HႇHFWV��101�SUHFRQGLWLRQHG�06&V�
VLJQL¿FDQWO\� UHGXFHG� P\RFDUGLDO� LQIDUFWLRQ� DQG� &.�P%� OHYHOV�� UHVWRUHG� ,5�LQGXFHG� PLWRFKRQGULDO� UHDFWLYH� R[\JHQ�
species, membrane depolarization and ATP production, and improved cardiac hemodynamic following IR injury in 
GLDEHWLF�UDWV��,5�LQGXFHG�RYHUH[SUHVVLRQ�RI�SURWHLQV�%HFOLQ����3����DQG�/&��,,�DQG�UHGXFWLRQ�RI�/&��,,�/&��,�UDWLR�ZHUH�
VLJQL¿FDQWO\�UHYHUVHG�IROORZLQJ�WUHDWPHQW�ZLWK�SUHFRQGLWLRQHG�06&V��7KH�DGPLQLVWUDWLRQ�RI�FKORURTXLQH��DQ�DXWRSKDJ\�
ÀX[�LQKLELWRU��DEROLVKHG�WKHVH�FDUGLRSURWHFWLYH�HႇHFWV��

Conclusion:�7KHUHIRUH��101�VHUYHV�DV�D�JRRG�SUHFRQGLWLRQLQJ�PRGDOLW\�WR�LQFUHDVH�WKH�FDUGLRSURWHFWLYH�HႈFDF\�RI�
06&V�LQ�GLDEHWLF�UDWV�DQG�WKH�LPSURYHPHQW�RI�DXWRSKDJ\�ÀX[�PD\�SOD\�D�VLJQL¿FDQW�UROH��
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In addition, NMN boosts the expansion of adult stem cells derived 
from different tissues like bone marrow, pancreatic cells, intestine, and 
umbilical cord [18]. It has been reported that this compound promotes 
cell survival and positively influences the differentiation of MSCs into 
neuronal and cardiac lineages [18,19]. Also, mitochondrial NAD+ 
replenishment via NMN supplementation delays stem cell senescence 
and facilitates their reprogramming [20]. As a result, it is hypothesized 
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Improvement of mitochondrial function by NMN 
preconditioned-MSCs and its reversal by CQ

The production of mitochondrial ROS and mitochondrial 
membrane depolarization were significantly increased while the level 
of cellular ATP was reduced following IR injury as compared with the 
Sham group (P <0.01) (Figures 3a-3c). Although alone administration 
of NMN or MSCs tended to restore these changes, other differences were 
not significant from the IR group except for changes in mitochondrial 
membrane potential by MSCs. However, injection of preconditioned-
MSCs to IR diabetic hearts significantly reduced mitochondrial ROS 
(P <0.05) and membrane depolarization (P <0.01), and increased ATP 
level in comparison to those of the IR group (Figure 3). The effects of 
preconditioned-MSCs on mitochondrial membrane potential and ATP 
level were statistically different from IR+nico and IR+MSC groups, 
respectively (P <0.05). Additionally, inhibition of autophagy flux using 

CQ co-administration significantly reversed the protective effects of 
NMN preconditioned-MSCs on mitochondrial function (P <0.05).

Promotion of autophagy by NMN preconditioned-MSCs and 
its reversal by CQ

The expression of autophagy-related proteins Beclin-1, LC3-I, 
and LC3-II was significantly increased following myocardial IR injury 
of diabetic hearts compared to the Sham group (P <0.05 to P <0.001) 
(Figures 4a-4f). The protein expression of P62,   as the LC3 substrate, has 
also been upregulated significantly, indicating the possible reduction of 
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of NMN preconditioned-MSCs on the regulation of Becline-1, LC3, 
and P62 expressions (P <0.05), confirming the reduction of autophagy 
flux in IR hearts.
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