
ML 21-04 (12/02/2021) 

 
 

Am J Physiol Heart Circ Physiol 

  

  

  

. 2021 Jan 29. 

 doi: 10.1152/ajpheart.00317.2020. Online ahead of print. 

Metformin impairs homing ability and 
efficacy of mesenchymal stem cells for 
cardiac repair in streptozotocin-
induced diabetic cardiomyopathy in 
rats 

Hania Ibrahim Ammar 1, Asmaa Mohammed Shamseldeen 1, Heba Samy Shoukry 1, Hend 

Ashour 2, Samaa Samir Kamar 3, Laila Ahmed Rashed 4, Mostafa Fadel 5, Abhay Srivastava 6, Sanjiv 

Dhingra 6 

Affiliations expand 

 PMID: 33513084 

  

 DOI: 10.1152/ajpheart.00317.2020 

Abstract 

Bone marrow derived mesenchymal stem cells (BM-MSCs) have demonstrated potential in 

treating diabetic cardiomyopathy. However, diabetic patients are on multiple drugs and 

there is lack of understanding on how transplanted stem cells would respond in presence 

of such drugs. Metformin is an AMP Kinase (AMPK) activator, the widest used anti-diabetic 

drug. In this study, we investigated the effect of metformin on the efficacy of stem cell 

therapy in a diabetic cardiomyopathy animal model using streptozotocin (STZ) in male 

Wistar rats. To comprehend the effect of metformin on the efficacy of BM-MSCs, we 

transplanted BM-MSCs (1 million cells/rat) with or without metformin. Our data 

demonstrate that transplantation of BM-MSCs prevented cardiac fibrosis and promoted 

angiogenesis in diabetic hearts. However, metformin supplementation downregulated BM-

MSCs mediated cardioprotection. Interestingly, both BM-MSCs and metformin treatment 

individually, improved cardiac function with no synergistic effect of metformin 

supplementation along with BM-MSCs. Investigating the mechanisms of loss of efficacy of 

BM-MSCs in the presence of metformin, we found that metformin treatment impairs 
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homing of implanted BM-MSCs in the heart and leads to poor survival of transplanted 

cells. Furthermore, our data demonstrate that metformin mediated activation of AMPK is 

responsible for poor homing and survival of BM-MSCs in the diabetic heart. Hence, current 

study confirms that a conflict arises between metformin and BM-MSCs for treating diabetic 

cardiomyopathy. Approximately 10% of the world population is diabetic to which 

metformin is prescribed very commonly. Hence, future cell replacement therapies in 

combination with AMPK inhibitors may be more effective for diabetic patients. 
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Abstract 

In the bone marrow (BM), breast cancer (BC) cells (BCC) can survive in dormancy for 

decades as cancer stem cells (CSC), resurging as tertiary metastasis. The endosteal region 

where BCCs exist as CSCs poses a challenge to target them, mostly due to the co-existence 

of endogenous hematopoietic stem cells. This study addresses the early period of 

dormancy when BCCs enter BM at the perivascular region to begin the transition into CSCs, 

which we propose as the final step in dormancy. A two-step process comprises the Wnt-β-

catenin pathway mediating BCC dedifferentiation into CSCs at the BM perivascular niche. 
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At this site, BCCs responded to two types of mesenchymal stem cell (MSC)-released 

extracellular vesicles (EV) that may include exosomes. Early released EVs began the 

transition into cycling quiescence, DNA repair, and reorganization into distinct BCC 

subsets. After contact with BC, the content of EVs changed (primed) to complete 

dedifferentiation into a more homogeneous population with CSC properties. BCC 

progenitors (Oct4alo), which are distant from CSCs in a hierarchical stratification, were 

sensitive to MSC EVs. Despite of CSC function, Oct4alo BCCs expressed multipotent 

pathways similar to CSCs. Oct4alo BCCs dedifferentiated and co-localized with MSCs 

(murine and human BM) in vivo. Overall, these findings elucidate a mechanism of early 

dormancy at the BM perivascular region and provide evidence of epigenome 

reorganization as a potential new therapy for BC. 
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Abstract 

The therapeutic potential of naturally secreted micro- and nanoscale extracellular vesicles 

(EVs) makes them attractive candidates for regenerative medicine and pharmaceutical 

science applications. To date, the results of numerous publications have shown the 

practicality of using EVs to replace mesenchymal stromal cells (MSCs) or liposomes. This 

article presents a systematic review of pre-clinical studies conducted over the past decade 

of MSC-derived EVs (MSC-EVs) used in animal models of disease. The authors searched the 
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relevant literature in the PubMed and Scopus databases (9358 articles), and 690 articles 

met the inclusion criteria. The eligible articles were placed in the following disease 

categories: autoimmune, brain, cancer, eye, gastrointestinal, heart, 

inflammation/transplantation, liver, musculoskeletal, pancreas, spinal cord and peripheral 

nervous system, respiratory system, reproductive system, skin, urinary system and vascular-

related diseases. Next, the eligible articles were assessed for the rate of publication and 

global distribution, methodology of EV isolation and characterization, route of MSC-EV 

administration, length of follow-up, source of MSCs and animal species. The current review 

classifies and critically discusses the technical aspects of these MSC-EV animal studies and 

discusses potential relationships between methodological details and the effectiveness of 

MSC-EVs as reported by these pre-clinical studies. 
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Abstract 

Cancer stem cells (CSCs) are a subpopulation of cancer cells with functions similar to those 

of normal stem cells. Although few in number, they are capable of self-renewal, unlimited 

proliferation, and multi-directional differentiation potential. In addition, CSCs have the 

ability to escape immune surveillance. Thus, they play an important role in the occurrence 

and development of tumors, and they are closely related to tumor invasion, metastasis, 
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drug resistance, and recurrence after treatment. Therefore, specific targeting of CSCs may 

improve the efficiency of cancer therapy. A series of corresponding promising therapeutic 

strategies based on CSC targeting, such as the targeting of CSC niche, CSC signaling 

pathways, and CSC mitochondria, are currently under development. Given the rapid 

progression in this field and nanotechnology, drug delivery systems (DDSs) for CSC 

targeting are increasingly being developed. In this review, we summarize the advances in 

CSC-targeted DDSs. Furthermore, we highlight the latest developmental trends through 

the main line of CSC occurrence and development process; some considerations about the 

rationale, advantages, and limitations of different DDSs for CSC-targeted therapies were 

discussed. 
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