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The catabolic autophagy eliminates cytoplasmic components and organelles via
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Email: alimalbari347@ru.ac.bd plex and paradoxical dual role in cancers; it can play either tumour suppressor or tu-

mour promoter depending on the tumour type, stage, microenvironment and genetic
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University of Manchester context. Cancer stem cells (CSCs) cause tumour recurrence and promote resistant
to therapy for driving poor clinical consequences. Thus, new healing strategies are
urgently needed to annihilate and eradicate CSCs. As chloroquine (CQ) analogues
show positive clinical outcome in several clinical trials either standalone or combina-
tion with several chemotherapies. Moreover, CQ analogues are known to eliminate
CSCs via altering DNA methylation. However, several obstacles such as higher con-
centrations and dose-dependent toxicity are noticeable in the treatment of cancers.
As tumour cells predominantly rely on mitochondrial actions, mitochondrial targeting
FDA-approved antibiotics are reported to effectively eradicate CSCs alone or com-
bination with chemotherapy. However, antibiotics cause metabolic glycolytic shift
in cancer cells for survival and repopulation. This review will provide a sketch of the
inhibiting roles of current chloroquine analogues and antibiotic combination in CSC
autophagy process and discuss the possibility that pre-clinical and clinical potential

therapeutic strategy for anticancer therapy.
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1 | INTRODUCTION therapy to deal efficiently with this uprising and complicating issue.

Although the advanced cancer therapies are progressing from the

Cancer becomes the principal originator of morbidity and mortal- survival rate of patients, cancer still persists one of the most fatal
ity rates in the next few years in both developed and transitioning epidemic maladies. Cancer recurrence and metastatic progression
economy countries.r® The scientific society has given enormous are frequent in patients receiving conventional chemotherapy or ra-
struggles and endeavour to advance innovative strategies for cancer diotherapy.* As contemporary chemotherapeutics are most efficient
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for eliminating very quickly propagating cells, the failure rate of con-
ventional therapies is likely associated with a relatively rare slowly
proliferating culture of cancer cells stay in tumour, called cancer
stem cells (CSCs).S'é CSCs have been exhibited to be resistant to tra-
ditional chemotherapy as well as radiation.” Residual memory CSCs
disappeared after clinical treatment are suggested responsible for
the re-survival of tumours and for their progressive metastasis.® It
has also been suggested that the most metabolic active CSCs have
heightened biogenetic rate of mitochondria as compared to normal
cell correspondents.”’® Thus, a great attempt has been concerned
to the new drug development that is capable to correctly target bio-
genesis of mitochondria-associated CSCs.

The conventional drug discovery and development process are
anindeed challenging field in terms of rising and unsustainable costs,
and time-exhausting tasks, with a high frequency of failure rate.!*
Thus, pharmaceutical companies have decided to decrease annual
investment regarding classical drug discovery®? and healthcare sys-
tems have faced the substantial challenge in their survival for com-
mercial sustainability inflamed by paying of prescription drugs.13 In
this context, drug repurposing (new therapeutic uses or indications
are found for existing drugs) appears as a new platform for the phar-
maceutical industries, patients and healthcare payers.'**> Moreover,
drug repositioning (also called drug repurposing) approach may con-
quer many tremendous obstacles involved in new drugs discovery
because of having established pharmacokinetics, pharmacodynam-
ics and toxicity profiles, approval by several regulatory agencies
FDA (US) and EMEA (Europe), and these recognitions accelerate
the assessment of the agents in clinical trials.*®'” Furthermore, drug
repurposing may discover novel molecular regulatory pathways in-
volved in cancer regrowth or admit new molecular targets for cancer
therapy.18 It has been exemplified that repurposing drugs chloro-
quine (CQ) analogues and antibiotics are known to accelerate the
therapeutic capacity of chemotherapy by eliminating CSC traits of
invasive progression in tumours.}”?° Thus, repurposing drugs play an

important role to eradicate CSC-mediated tumorigenesis.

2 | ROLE OF BULK AUTOPHAGY IN
CANCER

Macroautophagy (hereafter referred to as autophagy) is an evolu-
tionarily conserved, cellular homeostatic process that facilitates
nutrient recycling via lysosomal degradation of potentially harmful
cytoplasmic entities.?*?? It has been widely established that the bi-
polar nature of autophagy exists in cancers.?>?* Autophagy act as
either tumour suppressor or tumour promoter depending on tumour
type, stage of tumour development, tumour microenvironment and
genetic context.?>2¢ Although autophagy limits cancer development
in the early stages of tumorigenesis, it can also have a pro-tumoral
role in more advanced cancers, promoting primary tumour growth
and metastatic spread.25 Under normal conditions, cells utilize basal
levels of autophagy to aid in the maintenance of biological function,

homeostasis, quality control of cell contents and elimination of old

Lists of main topics

e Autophagy is an emerging potential therapeutic target
for multiple disorders including multiple malignant tu-
mours. Autophagy has both suppression role in tumour
initiation and promotion action in tumour progression,
and this controversy role of autophagy has led to di-
lemma over whether or how targeting of autophagy
therapeutically should be undertaken for efficient treat-
ment of cancers.

e Chloroquine analogues are established autophagy inhib-
itors from malaria treatment. When lysosomotropic ac-
tion of chloroquine analogues is elucidated, these drugs
have become popular for autophagy suppressors.

e The clinical studies for chloroquine analogues are exe-
cuted owing to their prior Food and Drug Administration
(FDA) approval and expanded indication in the treat-
ment of inflammatory diseases.

e Although pharmacokinetic parameters and safety pro-
files of chloroquine analogues are less favourable in can-
cer patients, combination treatment data are emerging.

e Maintenance of cancer stem cells (CSCs) is associated
with the endosome/lysosome pathway, and propaga-
tion and clonal expansion of CSCs are dependent on
mitophagy. Thus, the pharmacological inhibition of lyso-
somal flux and mitochondrial biogenesis may effectively
block CSCs.

proteins and damaged organelles.27 Additionally, autophagy in stem
cells is related to the maintenance of their unique properties, includ-
ing differentiation and self-renewal.?®?? However, many established
malignant cells have high levels of basal autophagy even in fed condi-
tions.3%% In contrast, autophagy in normal cells generally occurs at
low levels and is only up-regulated in response to stressful conditions
such as starvation. Moreover, some anticancer drugs can regulate
autophagy. Therefore, autophagy-regulated chemotherapy can be
involved in cancer-cell survival or death.3? Additionally, the regula-
tion of autophagy contributes to the expression of tumour suppres-
sor proteins or oncogenes. Tumour suppressor factors are negatively
regulated by mechanistic target of rapamycin (nTOR) resulting in the
induction of autophagy and suppression of the cancer initiation.%® In
contrast, oncogenes may be activated by mTOR, class | PI3K (phos-
phoinositide 3-kinases) and AKT (also known as protein kinase B),
resulting in the suppression of autophagy and enhancement of can-
cer formation.?>3 Although these dual-complex mechanisms make
autophagy a challenging target for anticancer therapeutics, a better
understanding of the autophagic roles in different stages of tumori-
genesis, specific cellular and extracellular context and the crosstalk
between autophagy and apoptosis should all be taken into consid-

eration to better harness autophagy in cancer treatment.®®
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Interestingly, an intricate link between autophagy and cancer is
established when Beclin 1 (BECN1), an essential autophagy gene, is
found to suppress breast tumorigenesis.>*%” In several cancer-cell
lines and mice models, the loss of BECN1 results in an inhibition of
autophagy and an upsurge in cell proliferation.3¢%837 |n addition, the
BECN1 gene is monoallellicaly deleted in 40%-75% of breast, ovarian
and prostate cancers.>**%*! |t is also found that the overexpression
of Beclin 1 can inhibit the growth of colon cancer cells,*? nasopha-
ryngeal carcinoma®® and CaSki cervical cancer cells.** Due to the
genomic close proximity of the BRCA1 (breast cancer 1, early-onset
gene) and the BECN1 gene at the 17g21 chromosome, it was assumed

that BECN1 deletions are rather a passenger event.*®

Tumour sup-
pressor gene deletions require additional modulators to form cancer.
In human breast and ovarian cancers, BECN1 is often co-deleted with
BRCA1. This led to the hypothesis that BECN1 loss is a passenger
event and is only deleted due to its proximity to BRCA1.4>4¢ BRCA1
is frequently mutated in familial cases of breast and ovarian cancer,
being relatively rare in sporadic cancers, and it is a classical tumour
suppressor, as only one copy is sufficient to maintain its function. By
contrast, the loss of just one allele of BECN1 is sufficient to induce

tumorigenesis,?’&39

and therefore, it is suggested as a haploinsuffi-
cient tumour suppressor. Furthermore, two survival analyses on the
TCGA (Cancer Genome Atlas Project) and METABRIC (Molecular
Taxonomy of Breast Cancer International Consortium) data set
showed that a worse survival probability was associated with the
lower BECN1 but not with the BRCA1 mRNA expression in all breast
cancer types,* indicating that in sporadic breast cancers, BECN1 is a
driver rather than a passenger event.

Autophagy also maintains cancer-cell re-survival during meta-
bolic stressful conditions, and these mediate resistance to therapies
such as chemotherapies or radiation.*®*° Thus, induction of auto-
phagy in cancer cells is associated with stress tolerance mechanism
when these cells are experienced to nutrient starvation, hypoxic
conditions or anticancer therapies.so'52 In well-established tumours,
the stress-induced autophagy allows tumour cell regrowth which
in turn expedite tumour cell advancement and negotiate resistance
to anticancer therapies.>® As a result, inhibiting pro-survival (cyto-
protective) autophagy in cancer cells has been shown to augment
the effectiveness of anticancer therapy by promoting apoptotic cell
death.>*>> Although these dual-complex mechanisms make autoph-
agy a challenging target for anticancer therapeutics, a better under-
standing of the autophagic roles in stages of tumorigenesis, specific
cellular and extracellular context and the crosstalk between auto-
phagy and apoptosis should all be taken into consideration to better
harness autophagy in cancer treatment. Although autophagy modu-
lation has promised as an emerging therapeutic strategy for certain
cancer types, major challenges remain unclear. For examples, higher
chemotherapy doses may cause toxic side effects and it is contradic-
tion whether autophagy-modulating agents may significantly affect
the tumour cells. Furthermore, there is doubt existence about an
actual tissue-derived autophagy measurement, especially inacces-
sible in solid tumours.'®°® Therefore, a better intervention of che-

motherapeutic combination is required for modulation of inherent
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autophagy properties. Thus, treatment strategies of cancers that
modulate autophagy both inducing and inhibiting concomitantly em-

phasize a better understanding for improved therapeutic outcome.

2.1 | Targeting lysosome in autophagy by
chloroquine analogues

Chloroquine (CQ) analogues such as hydroxychloroquine (HCQ),
quinacrine (QN), mefloquine (MQ), Lys05, verteporfin, clioqui-
nol SAR405, spautin-1 (specific and potent aut phagy inhibitor 1),
ARN5187, VATG (Van Andel-T-Gen)-027 and VATG-032 and its
other derivatives are well-known repurposing success stories be-
cause these analogues are effective, inexpensive, well-tolerated in
humans.””>8 CQ analogues, for example HCQ, MQ and verteporfin,
are FDA-approved agents generally applied for the treatment of ma-
laria, systemic lupus erythematosus, rheumatoid arthritis and pho-
todynamic therapy, but their potentials as anticancer agents have
currently appeared.’” As lysosomotropic agents, CQ analogues ef-
ficiently deacidify lysosomal lumens by changing permeability of
lysosomal membrane potential (LMP).>” Accumulating lines of evi-
dence suggest that CQ analogues favourably induce apoptosis and
necrosis in cancer cells such as breast cancer, colon cancer, glioma
and glioblastoma compared with normal cells either in standalone or
in combinations with chemotherapy.”®¢° In the context, it has been
found that CQ analogues have direct actions on diverse kinds of can-
cers that influence chemotherapeutic actions, for example inhibition
of both multidrug resistance pump and autophagy, intercalation in
DNA and improving the penetration of chemotherapies in cancer
cells or solid tumour tissues.®>®? In these cases, the lysosome-dea-
cidifying property of CQ analogues seems the most vital parameter
for improving efficacy and specificity for cancer therapies.

CQ analogues also sensitize triple-negative breast cancer (TNBC)
cells, categorized by a plenty of chemotherapy-resistant breast can-
cer stem cells (CSCs) as well as chemotherapy-resistant pancreatic
CSCs to where CQ analogues efficiently prevent autophagy.®?%*
Thus, CQ analogues need to be more discovered in the scientific
background as their victory may benefit to further quickly prog-
ress the poor diagnosis of patients with TNBC or pancreatic cancer.
Interestingly, recent evidence suggests that HCQ in combination
treatment with mTOR inhibitors such as temsirolimus significantly
suppresses tumour growth in vitro and in vivo.6>%® Here the period
of treatment and acceptable dose of HCQ differentially affect med-
ical profits (best outcome achieved with 1200 mg HCQ twice daily).
Another clinical trial (phase 1 study) HCQ (600 mg) in blending with
temozolomide (TMZ) indicates suppression of autophagy in humans.
However, an increased dose of HCQ is indispensable for noticeable
clinical outcome.®” Moreover, CQ also potentiates the cytotoxic
effect of TMZ by inhibiting mitophagy in glioma cells.®® These re-
ports strongly suggest that CQ analogue in combination with other
autophagy-modulating agents may significantly improve cancer
treatment regimen if robust and rapid treatment strategies are nec-

essary. More importantly, there are numerous concurrent clinical
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TABLE 1 Key serendipitous events in the history of CQ analogue development that led to the successful targeting of autophagy in cancer

Year

Before 1532
1632

1629-1633
1600-1700
1742
1818
1894
1908
1920
1930
1931
1934
1939
1940
World War Il
1945
1946
1951

1955
1956
1959
1960
1970

The early
1970s

1972
1974

1980-90
1989

1998

2000
2003

2007
2009
2010-

2014-

2017-
2018-2020

Note: Major references

Major discovery/events

Quina-quina bark is indigenously used in South America to treat febrile iliness

Quina-quina bark is used to treat for 'tertian fever' in Peru; Jesuit priest Bernabe’ de Cobo transported from Peru to Europe
(Spain)

The Romantic legend of Countess of Chinchon cured with quina-quina bark

Quina-quina bark powder is well-spreading throughout Europe and Asia for febrile iliness

Quina-quina tree is renamed as Cinchona tree by the botanist Carolus Linnaeus

Quinine isolated from cinchona tree bark; found to be useful for the treatment of malaria

Dr JF Payne's first description of the use of high doses of quinine to treat lupus.

Quinoline nuclear structure is essential for antimalarial activity.

Pamaquine is the first synthetic antimalarial drug

Quinacrine is developed as an alternative to quinine to treat malaria

Quinacrine is synthesized Ehrlich group and clinical trial

Hans Andersag at Bayers Lab, synthesized Resochin by replacing the acridine ring of quinacrine with a quinoline ring
Resochin is renamed as chloroquine; CQ is seemed too toxic for human use

Quinacrine is used in Russia for lupus

British physicians noted soldiers who had inflammatory diseases improved on quinacrine

HCQ is synthesized, less toxic than CQ in animal models. Clinical trials in USA approved for human use
FDA-approved CQ for treatment of malaria

Remarkable effects of quinacrine in the treatment of lupus

Plaquenil (hydroxychloroquine sulphate) is FDA-approved to treat SLE and CLE lupus.

CQ improves inflammation in RA

Triquin (HCQ, chloroquine and quinacrine combination) is FDA-approved to treat lupus

CQ shows anticancer properties

As a lysosomotropic agent, CQ is first shown to inhibit cell growth of tumour in vitro, as indicated by the accumulation of
autophagic vacuoles.

Banned clioquinol in response to controversy association with subacute myelo-optic neuropathy (SMON) in Japan

FDA-approved for Triquin withdrawn and is pulled off the market

CQ withdrawn from Japanese market because of mistaken claim as subacute myelo-optico-neuropathy (SMON) and retinopathy
due to improper use with poor safety management

CQ analogs are investigated as autophagy inhibitors in vitro

The first observation that CQ has an anticancer effect in Burkitt's lymphoma when CQ was given as prophylaxis against malaria
in Tanzania

The first study to observe CQ as autophagy inhibitor; the link between accumulation of cellular proteins and the inhibition of
lysosomal degradation

HCQ shows anticancer properties

First clinical trial to evaluate the antitumour effects of CQ and found that CQ improved clinical outcome with autophagy
inhibition in glioblastoma.

In combination with anticancer drugs, CQ has a synergistic effect with other anticancer drugs
HCQ is launching in Japan for clinical care

CQ analogs and current research: bone diseases, cancers, hyperglycaemia, emerging viral infectious diseases (AIDS, SARS,
dengue)

HCQ in clinical trials: Multiple groups published results from phase /1l clinical trials using HCQ to selectively target autophagy in
cancer patients

CQ overcome resistance: Autophagy inhibition can overcome resistance to kinase inhibitors in tumour cells and in patients

Microencapsulated CQ analogues for targeting CSCs>%%0

16,19,59,65,71
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trials assessing CQ analogues in combination with chemotherapies seems to be an autophagy-independent occurrence.”? These data
in patients with multiple cancers.”>® However, there are many highly strongly support a necessity to investigate better therapeutic strat-
debatable questions remaining as these analogues denote the most egy with specific molecular mechanism in modulating of autophagy
efficient agents for suppressing autophagy. For example, (a) the an- in cancers. Further research will be required to identify and develop
alogues may be required higher concentrations (uM levels) to attain for additional effective and acceptable CQ analogues as autophagy
adequate inhibition of autophagy in vitro and in vivo which is incon- suppressors, as well as outline the prime dose and dose interval
sistently achievable in humans than conventionally used for malaria that leads to highest the therapeutic activity during cancer therapy.
and rheumatic disorders.®’ Accordingly, HCQ combination with che- However, the successful drug repositioning approach has primarily
motherapeutic agents, proteasomal inhibitors, mTOR inhibitors and/ been by serendipitous discovery or clinical observation, such as the
or radiation therapy has been revealed to outcome in little response rich history and serendipitous indications for chloroquine® (Table 1
rates in the initial clinical trials. Furthermore, the higher doses of and Figure 1). Thus, scientists from the repurposing drugs in oncol-

HCQ used in clinical trials produce significant interpatient variability ogy (ReDO) project highlighted the potentiality of CQ analogues for

of autophagy inhibition. In addition, the half-lives of the analogues cancer treatment by acting on both the cancer cellular level and the
account for long times (eg 22.4 days for HCQ), which account for tumour niches and suggested that these analogues could propose
the chronic side effects, including retinopathy.>” As sustained au- important clinical advantages for cancer patients, particularly in
tophagy induction and autophagy addiction are inimitable to can- combination with conventional anticancer treatments.

cer cells, supposedly long-term autophagy inhibition can provide a
healing window to favourably affect cancer cells. However, higher

maintenance of HCQ dose in a cancer patient will unavoidably affect 3 | ROLE OF MITOPHAGY IN CANCER

normal cells too; (b) CQ analogue unable to suppress autophagy in

acidic extracellular microenvironment (pH 6.5) in solid tumour due Mitophagy (mitochondrial autophagy) is the selective identification,
to reduced cellular uptake of the agents’®; (c) some clinical trials have degradation and removal of spoiled mitochondria at the autophago-
revealed dose-dependent toxicities such as neutropaenia, thrombo- lysosome.”® Mitophagy definitely varies from non-selective bulk
cytopaenia and sepsis when HCQ is given in combination therapy”; autophagy due to its selectivity and regulation of the autophagic
and (d) finally, CQ-associated chemo-sensitization to chemotherapy cargo.74 Mitochondrial autophagy is co-ordinately related to cellular
SAR405 )
Spautin-1 Isolation membrane Autophagosome }I:‘),:;Zf::
ER Verteporfin I ° i Permease
- o
Nutrient deprivation, \L \- 0.0 °
metabolic stress, Induction ( 0% @ .@3 [ >
é %
ER stress, e E7D o®
radiation Autophagic cargo o8 Lysosome
anticancer drug etc.
o Autophagolysosome
Initiation ——> Nucleation ———> Elongation ———>» Completion —> Docking and
fusion T
Chloroquine
Major Keys Hydroxychloroquine
h ¥S @@ Autophagy receptor p62 , = ° Bafilomycin Chiorogiine
e ATG12-ATG5-ATG16L complex Q@ <«— Lys05 analogues
LO3-IT Quinacrine
° - . Amino acids, fatty acids, Autoly VATG-027
Qq, Misfolded protein sugars, nucleotides etc. miolysosome | vatG-32
i ; rcli Doxorubici
@D Mitochondria Recycling Cargo degradation Czi::;zin A
@ Rab7 Bafilomycin

@ Bacteria Elaiophylin

FIGURE 1 Anoverview of mammalian autophagy process. Starvation, growth factor deprivation, low energy and hypoxia are well-
established autophagy (specifically, macroautophagy) inducers. These culminate in mTORC1 inhibition and AMPK (5' AMP-activated protein
kinase) activation, which, in turn, positively regulate the UNC51-like kinase 1 (ULK1) complex through a series of phosphorylation events.
Induction of the ULK1 complex subsequently activates the class Ill PI3K complex, which leads to PI3P (phosphatidylinositol 3-phosphate)
synthesis in isolation membranes (IMs) and initiates autophagy. Numerous molecular events are subsequently activated in the autophagy
pathway, including initiation, nucleation, elongation, autophagosome maturation and cargo degradation. The IMs appear to have several
sources, such as the ER membrane, Golgi apparatus and trans-Golgi network, plasma membrane, endosomal compartment and mitochondria.
The two ubiquitin-like conjugation systems AuTophaGy-related 12 (ATG12)-ATG5-ATG16L1 complex and LC3 (microtubule-associated
proteins 1A/1B light chain 3B)-II participate after their activation in the expansion of the double membrane and the closure of the isolation
membrane. Once it is completed, the structure is called an autophagosome. After elongation and closure, the newly formed autophagosome
may fuse with a late endosome to form an amphisome, or it may fuse directly with a lysosome to form an autolysosome, allowing the
degradation of autophagic substrates. Once the cargos are degraded, the product macromolecules are exported to the cytosol to be
recycled by the cell for ATP production and biosynthesis
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homeostasis that responds to extracellular deviations (eg stress, en-
ergy, nutrients). On the one hand, autophagosome formation occurs
at the junction of mitochondria with endoplasmic reticulum upon
the stimulation of autophagy initiation. In this process, mitochon-
dria participate from the outer mitochondrial membrane lipids to
nascent isolation membrane of a\utophagosomes.”*76 On the other
hand, autophagy donates mitochondria maintenance by regulation
of mitochondrial integrity, which may also be related to regulatory
higher living processes.””

Mitophagy is triggered by stresses, DNA damage, inflammation,
etc, and is an important mechanism for quality control of cellular
bioenergetics and homeostasis by preserving mitochondrial integ-
rity and actions.”® Any imperfections in mitophagy lead to mitochon-
drial dysregulation that changes metabolic pathways and alters cell
fate which in turn initiates the incidence and aetiology of diseases,
including cancer.””8! Thus, both non-selective bulk autophagy and
selective mitophagy are impacted during tumorigenesis. Based on
the type and stage context of the tumour, mitophagy may act either
tumour-promoting or tumour-suppressive action.882 Knockout of
the vital regulatory mitophagy gene PARK2 has been associated with
several dissimilar human tumours, for example, TN BC.%% In addition,
spontaneous hepatic tumour develops in mitophagy gene Parkin
knockout mice which support mitophagy as a tumour-suppressive
mechanism.®2 On the other hand, established tumours have been
anticipated to employ mitophagy for supporting tumour growth
under stress conditions.®°

During initiation of tumour, mitochondria perform a main role in
supplying nutrients essential for boosted cell propagation and an-
giogenesis.”* In addition, mitochondria contribute several events of
cancers such as apoptosis resistance, oncogene-associated trans-
formation, reprogramming of metabolism, translation of protein,
stemness of cancer, malicious repopulation and drug resistance.?4-8¢
These solid foundation and proof-of-concept results strongly sup-
port the fact that mitochondria act as a fundamental metabolic cen-
tre vital for tumorigenesis. Thus, mitophagy mechanisms such as
bioenergetics, biogenesis and cellular transductions of tumorigen-
esis have drawn the great attention for designing superb anticancer
therapeutics.

3.1 | Targeting mitophagy by antibiotics

Recent evidence suggests that CSCs are reliant on mitophagy path-
ways for their proliferation and clonal development, and pharma-
cological inhibition of mitochondrial biogenesis may effectively
block CSCs.71%8787 |t is evident that various FDA-approved agents
particularly antibiotics modulate mitochondrial protein synthesis in
mammalian cells as off-target effects from its original antimicrobial
use 2092

Based on in vitro substitute CSC assays, numerous classes of
FDA-approved antibiotics including erythromycins (azithromycin),
glycylcycline (tigecycline), tetracyclines (doxycycline), fluoroquino-

lones (levofloxacin and ciprofloxacin) and atovaquone (chloroquine

analogues) have been found to markedly reduce tumorsphere de-
velopment in several cancer cells including breast, lung, prostate
and PDAC.”%7% For instance, tigecycline selectively kills CSCs of
acute myeloid leukaemia (AML) by suppression of mitochondrial
translation.”

Azithromycin in combination with chemotherapy (paclitaxel and
cisplatin) shows a positive response of one-year survival of stage lll/1V
non-small cell lung cancer (NSCLC) patients.”® Salinomycin selectively
inhibits CSCs by impairing mitochondrial bioenergetic performance.”
Atovaquone performs as an oxidative phosphorylation (OXPHOS)
inhibitor and significantly inhibits sphere formation in breast and
colorectal CSCs without affecting normal fibroblasts.”” Pyrvinium
pamoate, an anti-parasitic agent, behaves as an OXPHOS inhibitor
aiming mitochondrial complex Il and competently stops mammo-
sphere production.”® Doxycycline binds preferentially to the small
subunit 28S ribosomes in mitochondria and erythromycin metabo-
lites or chloramphenicol specifically fix to the mitochondrial ribosome
large subunit 39S, thereby blocking biogenesis of mitochondria and
thereby preventing protein translation as well as sufficient reduction
in mammosphere production and bonafide CSC markers.”® Thus, it is
interesting that FDA-approved antibiotic-mediated mitochondria tar-
geting may contribute to eradicate cancer cells particularly CSCs and

the anticancer efficacies of the antibiotics (Table 2).

4 | TARGETING LYSOSOME IN
AUTOPHAGY AND MITOPHAGY BY
CHLOROQUINE ANALOGUE AND
ANTIBIOTICS

It has been found that CQ analogues at low concentration suppress
bone resorptive activity of osteoclasts without affecting bone-form-
ing cells,’? and subtherapeutic antibiotic treatment (STAT) causes an
increase in bone mineral density.100 Thus, combination of chloro-
quine analogues and mitochondrial-targeted agents in subtherapeu-
tic level (at low concentration) would be more therapeutic potentials
against CSC-related cancers and revolutionize the cancer research
field without affecting normal cells.

5 | CONCLUSIONS AND FUTURE
PERSPECTIVE

According to the vast evidence on in vitro and mammalian/ animal
models, it is expected to find positive impacts of the combination
as a cancer therapy by manipulating the capacity of lysosome in
autophagy-mitophagy process in CSCs. Also, it is expected to dis-
cover the molecular mechanisms of therapeutic pathways in inhi-
bition of CSCs without affecting severely in vital organs. Further
studies are required at the subcellular levels of cancers for saving
global people. At present, several non-selective bulk autophagy
inhibitors and selective mitophagy suppressors undertake in

clinical trials (phases | and 1) in which these agents are exploited
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together with a diversity of chemotherapeutic drugs in cancer
treatments (Table 3). It is predicted that such type of combinatory
autophagy inhibitors with understanding of the molecular regula-
tory mechanism of the autophagy will direct to certain revolution
in the treatment of multiple human diseases including cancer in

the near future.
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