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1  | INTRODUC TION

Mitochondria are interconnecting and highly motile cellular organ-
elles that undergo dynamic changes in response to physiological and 
pathological changes. These organelles are indispensable for main-
taining proper cellular function, growth and development.1,2 During 
the lifetime of a cell, mitochondrial homeostasis requires a relatively 
stable equilibrium in a multitude of processes; namely, fission, fusion 
and biogenesis.3 Mitochondria form dynamic networks whose struc-
ture is molded by the opposing processes of mitochondrial fission and 
fusion (Figure 1).4 When the balance of the mitochondrial network 

structure is influenced by various cellular environmental stimuli, 
such as nutrient stress or viral attack, dramatic changes in the shape 
of mitochondria can occur.5 It has commonly been reported that mi-
tochondrial morphology is closely associated with the ability of mi-
tochondria to produce energy6 and mediate the mechanisms of cell 
death.7 Several proteins are involved in fission and fusion and are re-
ferred to as “mitochondria- shaping” proteins. These proteins include 
dynamin- related protein 1 (Drp1) and the mitofusins, Mfn1 and Mfn2.8 
However, the importance of mitochondrial dynamics for cell fate has 
not been fully appreciated until recently. Drp1 is the main regulator 
of mitochondrial fission and has become a key point of contention. 
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Mitochondria are the major cellular energy- producing organelles and intracellular 
source of reactive oxygen species. These organelles are responsible for driving cell 
life and death through mitochondrial network structure homeostasis, which is deter-
mined by a balance of fission and fusion. Recent advances revealed that a number of 
components of the fission and fusion machinery, including dynamin- related protein 1 
(Drp1), mitofusin1/2 (Mfn1/2) and Optic atrophy 1 (OPA1), that have been implicated 
in mitochondrial shape changes are indispensible for autophagy, apoptosis and 
necroptosis. Drp1 is the main regulator of mitochondrial fission and has become a key 
point of contention. The controversy focuses on whether Drp1 is directly involved in 
the regulation of cell death and, if involved, whether is it a stimulator or a negative 
regulator of cell death. Here, we examine the relevance of the homeostasis of the 
mitochondrial network structure in 3 different types of cell death, including au-
tophagy, apoptosis and necroptosis. Furthermore, a variety of cancers often exhibit 
a fragmented mitochondrial phenotype. Thus, the fragmented ratio can reflect tumor 
progression that predicts prognosis and therapeutic response. In addition, we inves-
tigate whether the targeting of the mitochondrial fission protein Drp1 could be a 
novel therapeutic approach.
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The controversy focuses on whether Drp1 is directly involved in the 
regulation of cell death and, if involved, whether it is a stimulator or a 
negative regulator of cell death. Here, we review current knowledge 
regarding the relationship of mitochondrial morphology with 3 differ-
ent avenues of cell death, including autophagy, apoptosis and necro-
ptosis. In addition, we focus on how the targeting of the mitochondrial 
fission protein Drp1 could potentially sensitize tumors to respond 
more robustly to chemotherapy and radiotherapy.

2  | FUNC TION OF MITOCHONDRIAL 
NET WORK STRUC TURE HOMEOSTA SIS

2.1 | Mechanisms of mitochondrial fission

Cells exhibiting a low fusion- to- fission ratio (ie, more fission than 
fusion activity) have many mitochondria that are small spheres or 
short rods, which are referred to as fragmented mitochondria.9 
These fragmented mitochondria contribute to metabolic dysfunc-
tion and disease.10 Fission is a highly conserved process mediated 
by Drp1 and mitochondrial outer membrane (OMM) receptor pro-
teins, such as Fis1 (fission protein 1), Mff (mitochondrial fission 
factor) and MiD49/51 (mitochondrial dynamics proteins of 49 and 
51 kDa).9 Drp1 comprises an N- terminal GTP- binding domain, a 
middle assembly domain, a short insert and a GTPase effector 
domain (GED) in the C- terminal. There is evidence that Drp1 is 
regulated by post- translational modifications, including phos-
phorylation, methylation, O- GlcNAcy-  lation and SUMOylation. 
In fact, increased O- GlcNAcylation augments the level of the 
GTP- bound active form of DRP1 and induces translocation of 

DRP1 from the cytoplasm to mitochondria.11 However, increas-
ing Drp1 SUMOylation by knocking down SENP3 reduces the 
recruitment of Drp1 by Mff.12 The most common and impor-
tant post- translational modification of Drp1 is phosphorylation. 
Indeed, multiple sites are phosphorylated by specific kinases and 
signaling pathways during mitochondrial fission.13,14 Different ki-
nases drive the activities of Drp1 by phosphorylation on the GED 
domain, leading to relevant effects on the N- terminal GTPase 
and middle domains.15,16 In addition, activation or inhibition of 
Drp1 by phosphorylation mainly depends on the phosphoryla-
tion site involved.17 The 2 common and most important sites are 
serine 616 (Ser616) and serine 637 (Ser637). These 2 phospho-
rylation sites have opposite effects on the regulation of Drp1. 
Phosphorylation of Drp1 at Ser637 leads to the inhibition of mi-
tochondrial fission, whereas phosphorylation at Ser616 results in 
promotion of fission.18

2.2 | Mechanisms of mitochondrial fusion

Genetic studies in yeast and mammals have shown that cells with a 
high fusion- to- fission ratio (ie, more fusion than fission activity) pos-
sess very few mitochondria. These mitochondria are long and highly 
interconnected and function to maintain an adequate supply of nu-
trients within the cell.19 Mitochondrial fusion is a complex evolution-
arily conserved process contributing to the mitochondrial network 
structure. Three large GTPase proteins have been shown to fuse and 
form various ultrastructures in the mitochondrial membrane.20 The 
IMM protein optic atrophy 1 (OPA1) interacts with the OMM proteins 
(Mfn1 and Mfn2) to form intermembrane protein complexes that cou-
ple the fusion of outer membranes to the inner membranes.21 Similar 
to the fission proteins, the abundance and activity of the fusion pro-
teins can also be altered by post- translational modifications.

3  | THE REGUL ATION OF CELL DE ATH BY 
MITOCHONDRIAL NET WORK STRUC TURE 
HOMEOSTA SIS

To better adapt to ever- changing physiological conditions, mito-
chondrial network structure homeostasis cooperates with several 
important cellular processes, and especially those involving cell sur-
vival, including autophagy, apoptosis and necroptosis.8,22–24

3.1 | Autophagy

Mitochondria play a paramount role in the mechanism of 
autophagy- induced cell death. Indeed, autophagy often occurs in 
mitochondria when they fail to maintain ATP levels, undergo star-
vation or are damaged.25 In many cases, autophagy can lead to 
greater generation of ROS and abnormal mitochondrial biogenesis, 
which will contribute to carcinogenesis.26 Therefore, there is no 
doubt that morphological characteristics determine the mitochon-
drial response to autophagy.

F IGURE  1 Mitochondrial network homeostasis. Preserving an 
appropriate ratio of fission to fusion contributes to maintaining 
mitochondrial network balance. Excessive fission or fusion 
results in an imbalance of the mitochondrial network resulting in 
fragmentation or tubular formation. Several proteins are involved 
in this process, such as Dynamin- related protein 1 (Drp1), Drp1 
receptors (Fis1, MiD49/51, Mff), outer membrane fusion proteins 
(Mfn1/2) and inner membrane fusion protein (Opa1)
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3.1.1 | Mitophagy

The autophagic breakdown of mitochondria is termed mitophagy. 
Mitochondrial dynamics serve as filters to segregate morphologically 
and functionally damaged organelles from healthy ones. For exam-
ple, fusion can reduce the sensitivity of damaged mitochondria to the 
lysosome for degradation, whereas mitochondria that undergo fis-
sion are split into shorter mitochondria. These smaller mitochondria 
are more easily consumed by autophagic membranes, leading to the 
formation of an autophagosome that targets damaged mitochondria 
to the lysosome23,27 (Figure 2). For instance, Parkinson’s disease (PD) 
is a common neurodegenerative disease in humans.28 Two genes, an 
E3 ubiquitin ligase (Parkin) and PTEN induced putative kinase 1 (Pink1), 
have been identified in hereditary PD, both of which are important 
for maintaining the integrity of the mitochondria. Pink1 stabilizes 
dysfunctional mitochondria and recruits the downstream molecule 
Parkin, whose activity is increased by translocation from the cytosol 
to damaged mitochondria. It induces ubiquitination and degradation 
of Mfn1/2 and can delay or inhibit fusion, leading to mitophagy.29

3.1.2 | Synergistic effect of fusion and fission in 
cell autophagy

Fission plays an important role in autophagy
Drp1 activation can disrupt the homeostasis of the mitochondrial 
network structure and impair mitochondrial function by inducing ox-
idative stress through increased production of reactive oxygen spe-
cies (ROS). ROS induces damage of mitochondria and is correlated 

with an increase in the phosphorylation of Drp1 on Ser616 and 
mitochondrial fragmentation, activating autophagic cell death.30 In 
addition, knocking down Drp1 expression interrupts the balance of 
the mitochondrial network structure, blocking mitophagy, and af-
fects mitochondrial quality, leading to ischemia/reperfusion injury.31 
However, when faced with starvation or severe energy depletion- 
induced cell autophagy, lack of ATP can potentially activate fission 
through the elevation of ADP and AMP levels. On the one hand, ADP 
binding to the MiD51 receptor is necessary for Drp1 recruitment and 
fission.32 On the other hand, AMP- sensing by energy sensor adeno-
sine monophosphate- activated protein kinase (AMPK) results in 
phosphorylated Mff, leading to fission that induces autophagy.33,34

Fusion plays a decisive role, similar to fission in autophagy
Elongated mitochondria can escape from degradation induced by 
autophagy by developing more cristae and upregulating ATP syn-
thase dimerization and activity levels, thereby producing more ATP 
to maintain an adequate energy supply in the cells.35 Interestingly, 
the key protein involved in this process is Drp1. In this regard, pro-
tein kinase A (PKA) is activated by the rising cellular pool of cAMP, 
which is followed by phosphorylation of Drp1 at Ser637, leading 
to mitochondrial fusion and restoration of the level of ATP and in-
creased cell viability.35,36 This hypothesis is supported by a recent 
study in which overexpression of mitochondrial inner membrane 
fusion protein OPA1 decreased mitochondrial fission, consequently 
preventing cell autophagy.37 Therefore, from these studies, we con-
sidered whether mitochondrial shape proteins can determine cell 
fate during autophagy (Figure 2).

F IGURE  2 Fission and fusion regulate autophagy. Fission is controlled by the master regulator Drp1 and activation or inhibition of Drp1 
by phosphorylation of Ser616 and Ser637, respectively. Drp1 shifts to the outer mitochondrial membrane (OMM) induced by recruitment 
of receptor proteins Mff and MiD51. Red arrows: A shortage of energy results in increased levels of ADP, which can potentially activate 
fission by causing the binding of Drp1 to the MiD51 receptor. AMP- sensing by AMPK results in phosphorylation of Mff, and similar to 
ROS induction of phosphorylation of Drp1 at Ser616 can activate mitochondrial fission followed by autophagy removing the damage 
mitochondria. Blue arrow: Energy shortage results in protein kinase A (PKA) activation, which is followed by phosphorylation of Drp1 at 
Ser637. This attenuates fission because the translocation of Drp1 to the OMM is inhibited. Meanwhile, fusion can reduce the sensitivity of 
damaged mitochondria to the lysosome for degradation. Finally, mitochondrial fusion and fission are contributed to homeostatic conditions
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3.2 | Apoptosis

At the mitochondrial level, proteins involved in mitochondrial network 
structure homeostasis dictate susceptibility to apoptosis.38,39 The criti-
cal event in the process of apoptosis is the increased permeability of 
the outer mitochondrial membrane, which triggers downstream cell 
death pathways by releasing cytochrome c and other pro- apoptotic 
factors from the intermembrane space into the cytosol.40

3.2.1 | Fission and apoptosis

Based on the observed high fission- to- fusion ratio in apoptotic cells, 
fission is believed to be a necessary prerequisite for apoptosis.41 
Overexpression of a Drp1 - dominant- negative mutant (Drp1K38A) 
delays apoptosis, suggesting that Drp1 is required for cytochrome c 
release and caspase activation, which are basic characteristics of ap-
optosis.42 The observation that Drp1- deficient mice have the ability 
to resist apoptosis also supports a critical role for Drp1.43 In general, 
dephosphorylation of Drp1 (Ser637) by the phosphatase calcineu-
rin promotes Drp1 movement from the cytosol to the mitochondrial 
outer membrane and induces mitochondrial fragmentation, which 
leads to apoptosis.44,45 This site is also phosphorylated by PKA and re-
sults in the inhibition of mitochondrial fission and increased resistance 
to apoptotic stimuli.46 This is mainly due to the movement of Drp1, 
which is a prerequisite for apoptotic signaling that is associated with 
cytochrome c release and caspase activities in vivo. Furthermore, 
studies also find that Drp1 cooperates with its mitochondrial OMM 
receptor proteins MiD49/51, which are essential for cytochrome c re-
lease from mitochondria intracristae to cytoplasm.47,48

In addition, remodeling of mitochondrial morphology can alter 
the activity of members of the Bcl- 2 family, such as the BAX or 
BAK protein.49 Mitochondrial exhibition of numerous fragments 
reportedly determines the kinetics of apoptosis because Drp1 can 
permeabilize the MOM by enhancing the translocation of BAX to 
mitochondria.50 Importantly, anti- apoptotic Bcl- 2 is essential for 
mitochondrial morphogenesis in healthy cells. One study showed 
that overexpression of Bcl- 2 increased the average size of mitochon-
dria.51 Together, the pro- apoptotic protein BAX and anti- apoptotic 
Bcl- 2 interact with Drp1, which suggests an important crosstalk be-
tween the mitochondrial network structure and apoptosis.39,41,52

Conversely, opposing evidence indicates that Drp1- mediated mi-
tochondrial fission is an anti- apoptotic factor. The levels of total in-
tracellular ATP are normal in Drp1- knockout mice during neural tube 
formation, but caspase 3 is activated, causing embryonic lethality 
by aberrantly inducing apoptosis.53 Depletion of the mitochondrial 
fission factor Drp1 and its inhibition by pharmacological agents in-
creased apoptosis in human colon cancer cells and glioblastoma.54,55 
This phenomenon has also been observed in human colon cancer 
cells. Blocking the activity of Drp1 led to mitochondrial membrane po-
tential decreases and cytochrome c release, followed by apoptosis.54 
Generally, inhibition of Drp1- regulated mitochondrial fission reduced 
cellular oxygen consumption and activated AMPK, thereby increasing 
apoptosis and decreasing tumor cell proliferation.55 This finding might 

provide further insight into the molecular mechanism of tumor sup-
pression induced by inhibiting mitochondrial fission.

3.2.2 | Fusion mediates apoptosis

The anti- apoptotic effects of Mfn1 and Mfn2 have been attributed 
to a remodeling of the mitochondrial network.56 OPA1 and the pre-
senilin associated rhomboid- like (PARL) have been shown to protect 
cells from apoptosis by controlling the reshaping of the mitochon-
drial cristae.57 In addition, research findings have shown that phos-
phorylation of Mfn1 by extracellular signal- regulated kinases (ERK) 
results in its inactivation. The inactivation of Mfn1 induces mito-
chondrial hyper- fragmentation, which results in increased sensitiv-
ity to apoptotic stimuli due to the oligomerization of BAK and its 
interaction with mitochondrial membranes.58

In contrast to these views, fusion has also recently been shown to 
favor cell death and persistent mitochondrial fusion leads to robust 
caspase- dependent cell death.59 Studies show that the Mfn proteins 
mediate mitochondrial fusion and increase the sensitivity of cells to 
apoptosis.38,60 In bladder carcinoma, Mfn2 is considered to be a tumor 
suppressor gene, which is attributed to its anti- proliferation and pro- 
apoptotic activities.60 Similar to osteosarcoma, research findings 
suggest that Mfn1 significantly arrests cells in the G1/G0 phase, pro-
motes apoptosis and triggers anticancer effects. Li et al (2014) found 
that miR- 19b could target the 3′UTR sequences in the Mfn1 gene and 
downregulate the expression of the Mfn1 protein.38 A previous study 
clearly showed that BAX directly activates Mfn2 by interacting with 
its coiled- coil domain. In addition, Mfn2- dependent tethering of mi-
tochondria to the endoplasmic reticulum (ER) improves sensitivity to 
apoptosis by uptake of calcium.61 In general, cellular deletion of pro- 
apoptotic proteins BAX and BAK results in relatively shorter and less 
fused mitochondria compared to healthy cells.62 Overall, mitochon-
drial fusion and fission play diverse roles in different cell lines under 
various physiological or pathological conditions56,63 (Figure 3).

3.3 | Necroptosis

Necroptosis is an active and regulated form of programmed cell 
death.64,65 This process is typically initiated by classical pathways, 
such as Fas or tumor necrosis factor α (TNF- ɑ) receptor combined 
with the inhibition of caspase activity, which results in the activa-
tion of receptor- interacting protein kinase 1 or 3 (RIP1 or RIP3).66 
Importantly, the major characteristics of programmed necrosis in-
clude a crisis in ATP levels, ROS accumulation, calcium overload, 
and the opening of the mitochondrial permeability transition pore 
(MPTP).67 As mitochondria are the primary organelles in cells that 
supply energy and the major source of reactive oxygen species, they 
play a non- negligible role in the process of necroptosis.

3.3.1 | Is fission required for necroptosis?

Attention has focused on the importance of mitochondrial network 
structure homeostasis in necrosis and whether necroptosis could 
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influence mitochondrial shape.68 Recent research findings have 
shown that necroptosis is associated with the mitochondrial fission 
protein Drp1. For instance, MLKL is thought to be associated with 
the regulation of mitochondrial fission through the phosphoglycer-
ate mutase family member 5 (PGAM5) protein, which recruits Drp1 
to the OMM by dephosphorylating its Ser637 site.69 Furthermore, 

research findings have shown that the tumor suppressor protein 
p53 interaction with Drp1 mediates both the mitochondrial outer 
membrane permeablization (MOMP) and the opening of the MPTP 
in response to death stimuli.70 They showed that Drp1 stabilizes p53 
and is required for p53 recruitment to the mitochondria under oxida-
tive stress.71 However, the opposing roles of mitochondrial fission 
in necroptosis have been challenged. One interesting result indi-
cated that LIM domain kinase 2 (LIMK2) interrupted Drp1- mediated 
mitochondrial fission by downregulating the phosphorylation ratio 
of Drp1 at Ser616/Ser637. Eventually, inactivation of Drp1 and its 
mediation of mitochondrial fusion led to programmed necrotic cell 
death.72 This phenomenon was also observed in mouse fibroblasts 
(L929 cells) that were both treated with TNF- α and Drp1 inhibited 
pharmacologically by Mdivi- 1, which resulted in reduced mitochon-
drial fission and enhanced necroptosis.68 However, necroptosis has 
been widely demonstrated to occur independently of mitochondrial 
morphology.  Although knockdown of Drp1 inhibited mitochon-
drial fission and caused extensive mitochondrial fusion as expected, 
the event had no effect on necroptosis.73 In more recent findings, 
Drp1 was shown to play a dispensable role in RIP3- induced ne-
crosis. Indeed, knocking down Drp1 and overexpressing MLKL in 
murine embryonic fibroblasts caused cell death even in the pres-
ence of a broad- spectrum caspase inhibitor. These results indicate 
that necroptosis induced by RIPK3 requires MLKL but not Drp1.74 
Overall, we could not determine whether Drp1 or fission is required 
for necroptosis and might be dependent on cell type and experi-
mental conditions. Further work is required to determine how the 
components of mitochondrial fission and fusion actively participate 
in necroptosis (Figure 4).

F IGURE  3  Illustration of the regulation of apoptosis by 
mitochondrial dynamics. Calcineurin dephosphorylates Drp1 at 
Ser637 resulting in the activation of Drp1, which can be inhibited 
by protein kinase A (PKA). These events lead to recruitment of BAX 
to the mitochondrial outer membrane (OMM) and polymerization 
of BAK, rapid activation of caspases and release of cytochrome 
c, followed by apoptosis. In contrast, miR- 19b downregulate 
the expression of the Mfn1 protein, but high Mfn1 protein level 
significantly arrests cells in the G1/G0 phase, promotes apoptosis 
in tumor cell
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4  | MITOCHONDRIAL NET WORK 
STRUC TURE IMBAL ANCE IS A SSOCIATED 
WITH C ANCER

4.1 | Mitochondrial dynamics are biomarkers in 
cancer

Mitochondria are organelles that orchestrate a plethora of funda-
mental cellular functions that are associated with various steps of 
tumor progression. For example, mitochondrial energy metabolism 
intensifies proliferation and migration of cancer cells by increas-
ing mitochondrial oxidative phosphorylation.75 In fact, cancer cells 
frequently show an imbalance of fission and fusion. Accumulating 
evidence is beginning to provide an increased mechanistic un-
derstanding of how mitochondrial dynamics, which reflect the 
organelles’ exquisite heterogeneity in shape and spatial distribu-
tion, affect tumorigenesis and participate in metabolic reprogram-
ming.76,77 Consistent with these observations, many studies have 
shown that the mitochondria- associated fission protein Drp1 pro-
motes tumor migration and pathogenesis, including in lung cancer,78 
metastatic breast cancer,79 glioblastoma,55 colorectal cancer,80 pan-
creatic cancers,13 thyroid tumors,81 nasopharyngeal carcinoma5 and 
melanoma14 (Table 1).

4.2 | The Drp1- mediated signaling axis is involved in 
tumor cell survival

Similar to normal cells, the fate of cancer cells is closely related 
to mitochondrial morphology.5,71 In tumors, Drp1 is involved 
in mitochondrial fission and is regulated by specific kinases and 
signaling pathways, such as mitochondrial phosphatase PGAM5,69 
AMPK,33 ERK13 and the cyclin- dependent kinase 1 (CDK1)/cyclin 

B1 complex.18,82 An interesting finding in HeLa cells suggested 
that mitochondrial phosphatase, PAGM5, can be activated by the 
RIPK1- RIPK3-  MLKL complex and recruits Drp1 to the mitochon-
drial outer membrane, leading to a large number of ruptured mito-
chondria.69 Notably, Drp1 is a paramount regulator of mitochondrial 
metabolism that contributes to oncogenic Ras- induced cellular 
transformation and cancer development.14 Generally, oncogenic 
Ras activates ERK, followed by phosphorylation of Drp1 at Ser616. 
Eventually, this orchestrated cascade leads to mitochondrial Drp1 
activation and promotion of mitochondrial fission in human pan-
creatic cancer, driving tumor growth.13 Another study showed 
that Mff can be phosphorylated directly by AMPK. Subsequently, 
recruitment of Drp1 from the cytosol to the mitochondrial outer 
membrane results in mitochondrial fission.33 Progress in cell cycle 
is mainly regulated by members of the CDK family when bound 
to their respective cyclin partner.83 Overexpression of cyclin B1 
promotes G2/M phase transition, resulting in uncontrolled cell 
proliferation and even malignant transformation.84 In HeLa cells, 
the CDK1/cyclin B1 complex upregulates the phosphorylation of 
Drp1 (Ser616) and promotes mitochondrial fission, accelerating 
the progression of cancer.18

4.3 | Utilization of mitochondrial dynamics or the 
fission protein Drp1 as therapeutic targets in cancer

Mitochondrial dynamics can be used to divide cancers into catego-
ries, which play an important role in predicting prognosis and treat-
ment response in the clinical setting.13,79,81,85 Human lung cancer 
cell lines often exhibit an imbalance of mitochondrial network 
structure homeostasis (ie, more fission than fusion) and this phe-
notype can be reversed by Drp1 inhibition or Mfn2 overexpression 

Cancer types Effects on Drp1 Functions Key references

Lung cancer Inhibition of Drp1 Prevents cell cycle 
progression

78

Breast cancer Enhanced the 
expression of Drp1

Increased cancer cell 
migration and invasion

79

Glioblastoma Activation of Drp1 Correlated with poor 
prognosis in glioblastoma

55

Colon cancer Downregulation of 
DRP1

Decreased proliferation 
and increased apoptosis 
of these cells

74

Nasopharyngeal 
carcinoma

Decreasing the 
activity of Drp1

Inhibits the stemness 5

Oncocytic Thyroid 
Tumors

Upregulation of Drp1 A feature of tumor 
malignancy and increased 
cancer cell migration

81

Pancreatic cancers Knockdown of Drp1 Inhibits tumor growth 13

Melanoma Loss of Drp1 Prevents RASG12V- 
induced mitochondrial 
dysfunction and resistant 
to transformation

14

TABLE  1 Mitochondrial fission protein 
Drp1 and tumors
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to promote cell cycle arrest78 and increase spontaneous apoptosis 
that could provide promising novel therapeutic strategies.54 In ad-
dition, in brain tumor- initiating cells, inhibition of Drp1 upregu-
lates the expression of AMP- activated protein kinase, resulting in 
decreased migration and proliferation of tumor cells.55 Xie et al 
(2015) also showed that patients with high levels of phosphoryl-
ated Drp1 (Ser616) exhibit a poor survival rate in a clinical glioblas-
toma tissue analysis.55 A recent study indicates that mitochondrial 
cyclooxygenase 2 (COX- 2) interacts with p53 to activate Drp1. The 
natural compound resveratrol (RSV) combined with 5- fluorouracil 
(5- FU) increased the sensitivity of nasopharyngeal cancer (NPC) 
to chemotherapy and lowered the stemness of NPC by suppress-
ing the activity of Drp1.5 Another report showed that upregulat-
ing Drp1 and silencing Mfn1 was accompanied by a fragmented 
mitochondrial phenotype and enhanced invasive and metastatic 
abilities of breast cancer cells.79 Furthermore, Mdivi- 1 has been 
considered to be a small- molecule inhibitor of mitochondrial fis-
sion that specifically targets Drp1. Recent research has reported 
that Mdivi- 1 also targets mitochondrial complex I in the absence of 
Drp1, and inhibits ROS production in ischemia- reperfusion injury 
disease models.86 In a cancer model, Mdivi- 1 induced cell death in 
vitro, suggesting that Mdivi- 1 inhibited mitochondrial fission re-
sist cancer cell survival.5,55 Thus, the above studies support the 
idea that inhibition of mitochondrial fragmentation in cancer 5,80,81 
might be used as a therapeutic strategy to overcome metastasis 
and chemoresistance.

5  | FUTURE PERSPEC TIVES

Mitochondrial network structure homeostasis is crucial for main-
taining a healthy mitochondrial population. Under normal and 
pathological conditions, various factors determine mitochondrial 
shape, consequently triggering a series of  signal transduction  
and molecules involved in the regulation of multiple forms of cell 
death. Cancer is a disease associated with mitochondrial dysfunc-
tion and experimental evidence suggests that utilizing mitochon-
drial dynamics as a therapeutic strategy or biomarker in cancers 
might be appropriate. Targeting the mitochondrial fission protein 
Drp1or other shaping proteins has become a topic of interest. 
Further studies are needed to understand the differential effects 
of oncogenic signaling pathways on mitochondrial dynamics and 
to identify additional new signaling axes that regulate mitochon-
drial network structure homeostasis.
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