
The Unmet Need in Mesenchymal Stem Cell (MSC) 
Therapy: Resolving Senescence
 MSCs have the potential for self-renewal and multi-lineage dif-
ferentiation and are hence being extensively explored for targeting 
inflammatory and immune-associated diseases through stem cell 
therapy. A meta-analysis evaluating the safety of MSC therapy and 
exploring the influence of heterogeneities of populations in clinical  
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application over the past 15 years has confirmed the safety of MSC 
administration indifferent populations [1]. However, the promise of 
MSC-based treatments is currently limited because of MSCs under-
going senescence and consequently losing their potential. Resolving 
the issue of MSC senescence to allow them to continually proliferate 
and differentiate into multi-lineage mesenchymal cells is one of the 
greatest challenges in stem cell therapeutics and regenerative medi-
cine and remains an unmet need.

Cytoskeletal Disorganization in Senescent MSCs

 An increasing number of studies have shown a critical role of cy-
toskeleton in maintaining MSC shape, spreading, and stiffness, which 
in turn determine cell fate, differentiation, and function [2]. In aged 
MSCs, altered expression of actin cytoskeleton-associated proteins 
and a decreased actin turnover caused MSCs to be less responsive to 
biological and mechanical cues and reduced their migratory capacity. 
In Bone Marrow-derived Mesenchymal/Stromal Cells (BMSCs) ob-
tained from a patient with Progressive Supranuclear Palsy (PSP), in 
which accumulation of hyper-phosphorylated Tau was prevalent, an 
alteration of microtubule association, a significant decrease in micro-
tubule mass, and a hampered microtubule remodeling was observed 
during aging [3]. Remarkably, in Placenta-Derived Mesenchymal 
Stem Cells (PD-MSCs) showing higher morphological heterogeneity, 
and cytoskeletal disorganization, treatment with MIT-001 ameliorat-
ed unorganized microfilaments [4]. In this regard, the correction of 
actin cytoskeletal disorganization with MIT-001 seems to be a plausi-
ble approach to restore MSC functions.

Senescence-Associated Secretory Phenotype (SASP) 
in Senescent MSCs

 The dynamic composition of SASP is known to lead to the trans-
mission of MSC-senescence to surrounding cells, which eventually 
leads to the failure of stem cell therapy [5]. Interestingly, during in vi-
tro expansion of umbilical cord blood MSCs, a cell population showed 
delayed cellular senescence by SASP activation and increased expres-
sion of p16, p21, and p53, implying a direct role of SASP in cell cycle 
arrest [6]. The inhibitory effect of MIT-001 on SASP was shown by 
the reduced expression of IL-1β and MCP-1 in PD-MSCs exposed to 
TNF-α and IFN-γ. In parallel, MIT-001 downregulated p16 expres-
sion, a cell cycle inhibitor, and improved senescent phenotypes [4]. 
These results suggest a role of MIT-001 in the inhibition of SASP in 
PD-MSCs, which will be beneficial for stem cell therapeutics.

Dysregulation of Mitochondrial Function in Sene-
cent MSCs

 The relevance of mitochondrial function in MSCs has been over-
looked because of the relatively low total mitochondrial mass in these 
cells band metabolic shift to glycolysis as the main energy source. 
However, a growing body of evidence has shown that mitochondrial 
Oxidative Phosphorylation (OXPHOS) and ATP generation is criti-
cal for the proliferation, differentiation, and survival of MSCs [7,8]. 
Thus, it is expected that elucidating the mechanisms maintaining  
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Abstract
	 The	 impact	of	 inflammatory	environments	on	 the	 impaired	 fea-
tures of MSCs, such as loss of homeostasis and stem cell senes-
cence, still remains unclear. In the paper titled “MIT-001 Restores 
Human Placenta-Derived Mesenchymal Stem Cells by Enhancing 
Mitochondrial Quiescence and Cytoskeletal Organization”, Yu et al., 
investigated	the	phenotypes	of	MSCs	exposed	to	pro-inflammatory	
cytokines	TNF-α	and	IFN-γ.	They	further	tested	whether	the	exposed	
MSCs are protected from senescence by MIT-001, a novel necro-
sis	 inhibitor	and	an	anti-inflammatory	molecule.	The	authors	found	
that	MSCs	exposed	to	TNF-α	and	IFN-γ	showed	an	abnormal	cell	
shape, cytoskeletal organization, and senescence-associated se-
cretory phenotypes. However, treatment with MIT-001 restored stem 
cell quiescence with improved mitochondrial distribution, reduced 
reactive oxygen species, and augmented mitochondrial energetics. 
The study suggests that enhancement of mitochondrial function re-
stores MSCs quiescence and the application of MIT-001 mediated 
enhancement of mitochondrial function holds potential in future clin-
ical therapeutics.
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mitochondrial homeostasis will pave the way for resolving the hur-
dles of MSC senescence and stem cell therapeutics. Many ongoing 
studies have focused on mitochondrial ROS, mitochondrial bioener-
getics, mitochondrial dynamics, and Ca2+ buffering capacity, which 
are often altered in senescent MSCs. Understanding and targeting 
these will shed light on the potential of MSCs in therapy and avoid 
their senescence (Figure 1).

Mitochondrial ROS

 Most of the energy gets generated through mitochondrial OX-
PHOS, with the involvement of the Electron Transport Chain (ETC) 
located at the inner mitochondrial membrane. The ETC is also re-
garded as the main source of intracellular ROS [9]. Although a cer-
tain level of ROS is essential for MSCs fate decision, evidence has 
demonstrated that higher levels of ROS in cells cause serious damage 
to biomolecules, including DNA mutations, lipid peroxidation, and 
protein modification [10]. In senescent MSCs, an increase in ROS 
is paralleled by a decrease in telomere maintenance and DNA repair 
after oxidative stress [11]. A critical role for ROS has been reported 
in the imbalanced MSC redox system [12]. Under the high ROS con-
ditions, the activity of the transcription factor Nrf2, which regulates 
ROS scavenger enzymes, was reduced in senescent MSCs. In BMSCs 
from the patient with PSP, there was a significant increase in ROS 
and oxidative stress, coupled with a decrease in the cellular antiox-
idant glutathione and a high rate of mitochondrial degradation [3]. 
Therefore, reducing the levels of mitochondrial ROS seems to be of 
significance to enhance the activity of MSCs. Yu et al., confirmed this 
by showing an increase in ROS in PD-MSCs treated cytokines TNF-α 
and IFN-γ induced MSC senescence and showed that treatment with 
MIT-001 restored quiescence of MSCs [4].

Mitochondrial Oxygen Consumption Rate (OCR)

 Mitochondrial OXPHOS and OCR can be used as indicators of 
mitochondrial function in physiology and pathophysiology. When 
cultured in normal versus high glucose media, MSCs showed higher 
OCR in the normal glucose medium, but more ROS accumulation in 
the cytosol and mitochondria with inflammatory cytokines IL-6 and 
TNF-α was found in the high glucose medium. Intriguingly, the up-
regulation of SOD2 significantly improved the OCR and reduced in-
flammatory cytokines in the high glucose medium [13]. These results 
suggest that the levels of ROS and antioxidant enzymes are the main 
regulators of OCR, although their contribution to OCR in MSCs still 
remains unknown. Human PD-MSCs exposed to TNF-α and IFN-γ 
showed increased spare respiratory capacity with a reduction of  

IL-β, IL-6, and MCP-1 [4]. Collectively, the assessment of mitochon-
drial energetics with the OCR may depict the functional activity of 
mitochondria and the potency of MSCs applicable for therapeutics. 
Moreover, enhancement of the spare respiratory capacity by MIT-001 
could becritical for the improvement of the potential MSCs.

Mitochondrial Dynamics and Mitophagy

 Cumulative data suggest that mitondrial dynamics contributeto 
the determination of MSC fate by varying the mitochondrialsize and 
shape [14,15]. For mitochondrial fission, dynamin-related protein 
Drp1is recruited from the cytosol to the mitochondria and mediates 
mitochondrial scission. Loss of Drp1 leads to inadequate mitochon-
drial fission, thus, inducing hyperfused mitochondria and mitochon-
drial DNA accumulation. For mitochondrial fusion, Mfn1 and Mfn2 
mediate outer membrane fusion; followed byOPA1 mediated inner 
membrane fusion and remodeling of the cristae [16]. A lack of mi-
tochondrial fusion leads to severe mitochondrial fragmentation and 
associated human diseases [17,18]. Interestingly, PD-MSCs exposed 
to TNF-α and IFN-γ showed increased expression of genes regulat-
ing fission and fusion processes, including Drp1, Mfn1, and Mfn2. 
Treatment with MIT-001 decreased the expression level of Drp1 and 
MFN1 mildly, whereas the decrease in Mfn2 expression was most 
significant. This indicates the potential of MIT -001 in correction of 
disrupted mitochondrial dynamics [4].

 The loss of the autophagic ability of stem cells can cause the accu-
mulation of unhealthy mitochondria; however, its effect on MSCs is 
yet to be elucidated [19]. Dysregulation of mitochondrial biogenesis 
in the BMSCs derived from the patient with PSP showed higher mi-
tochondrial degradation and lower biogenesis [3], proving the critical 
role of mitophagy in cellular homeostasis.

Perspectives on Mitochondrial Calcium Regulation 
in MSCs

 Increasing studies have weighed on mitochondrial Ca2+ buffering 
capacity and controlling of the ER shape and cytosolic Ca2+ signaling 
[20]. The release of ER-stored Ca2+ induced by pathological stimuli 
induces mitochondrial Ca2+ overload by uptake through the mitochon-
drial calcium uniporter. In a sepsis-induced heart dysfunction model, 
MSC-derived exosomes containing PINK-1 prevented mitochondrial 
Ca2+ overload and rescued cellular functions, underlying the impor-
tance of mitochondrial Ca2+ regulation in cellular homeostasis [21]. 
Suppression of mitochondrial Ca2+ overload by MIT-001 and its de-
rivative in a myocardial reperfusion injury model has showed an in-
crease in the survival of animals [22,23].

 Mitochondrial Ca2+ overload generates ROS and contributes to ox-
idative stress in cells; reciprocally, the rise of ROS augments the Ca2+ 
surge. Hence, it is highly anticipated that mitochondrial Ca2+ overload 
may play a critical role in MSC senescence, of which ROS major 
regulator [24]. Therefore, regulation of mitochondrial Ca2+ uptake by 
MIT-001 and restoration of MSC quiescence holds promise for suc-
cessful stem cell therapeutics.

Conclusion

 Assessment of mitochondrial dysfunction for evaluating the po-
tency of MSCs may be adopted for the therapeutic application of 
MSCs. Moreover, mitochondrial function enhancement by MIT-001 
promises to be feasible for MSC therapy in clinical settings.

Figure 1: Altered mitochondrial homeostasis affects senescence in Mes-
enchymal Stem Cells (MSCs).
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