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Abstract
Autophagy is an intracellular self-degradative process that balances cell energy source and regulates tissue
homeostasis. In physiological condition, autophagy funnels cytoplasmic constituents to autophagolysosomes for
degradation and is an alternative way for cell-death behavior. Here, we inspected autophagy as a prosurvival
mechanism essential for drug resistance in multiple myeloma (MM). Accordingly, autophagy inhibitors used in
association to conventional anti-MM drugs might enforce the effect against resistant MM plasma cells and render
autophagy a new therapeutic target.
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troduction
utophagy governs cell self-clearance by which unwanted cytoplasmic
ntent (amino acids, fatty acids, and nucleotides) is degraded.
nfavorable conditions including nutrients deprivation, hypoxia,
NA damage, or production of reactive oxygen species (ROS) trigger
tophagy to overcome energy deficiency and remove exceeded
aterials, hence maintaining cell homeostasis and survival. Although
tophagy has been first described in yeasts [1], further studies have
nfirmed its pivotal role in humans for the regulation of both
ysiological and pathological processes.
Three types of autophagy coexist in most cells: microautophagy,
aperone-mediated autophagy (CMA), and macroautophagy, usually
med “autophagy”. Microautophagy is a nonselective lysosomal
gradation pathway that involves cellular components [2]. Vesicles
rmed by direct membrane invagination [3] are able to transfer cellular
mponents into the lysosomal lumen that induces the degradation
soluble cytosolic constituents or of entire incorporated organelles,
., peroxisomes. CMA contributes to the maintenance of proteostasis
d adaptation of cells to stress [4]. The vesicles are not needed. Indeed,
bstrates are selectively identified and delivered by cytosolic hsc70/
-chaperones to the lysosomal surface [5], where they are internalized
rough amembrane translocation complex formed bymultimerization
LAMP‐2A (lysosome-associated membrane protein type 2A) that is
e CMA substrate-chaperone receptor [6]. The multimerization
duces the substrate translocation and subsequent degradation. The
vels of CMA-active lysosomes containing both hsc70 and CMA
bstrates increase in response to the stressors. These (i.e., starvation,
idative stress) upregulate CMA [7], but very low levels of CMA are
so detectable at basal conditions in most cells [8].
Autophagy is a complex process regulated by different multistep
naling pathways [9]. It ensures the turnover of bulk cytoplasmic,
maged and superfluous organelles (i.e., mitochondria and peroxisomes),
d invasive microbes. These agents are sequestrated by an expanding
uble-membrane vesicle, so-called “autophagosome” and further
graded into the lytic compartment of lysosomes [10]. After
gradation, products are released into the cytosol [11] to promote
neration of new energy and to support cell maintenance.
Autophagy is slightly activated at basal conditions in a large number
human cells to maintain the physiological homeostasis and/or to
omote cell survival during stress conditions [12]. Mutations of
tophagy genes and/or alterations of its regulation mechanism prompt
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e onset and/or progression of different human disorders and diseases,
cluding cancer.
In this review, we will focus on autophagy as a tumor prosurvival
echanism especially in multiple myeloma (MM) in which it is
osely connected to control progression and drug resistance (DR).

he Autophagy Pathway and Regulation
veral key markers of autophagy have been identified. The
pression of AuTophaGy-related genes (ATGs) and of their Atg
oteins is constant and needed for the autophagy regulation. To
te, 30 ATG genes have been identified in yeast Saccharomyces
revisiae [13], and their homologues have been well characterized in
gher eukaryotes. The function and the involvement in the
tophagosome formation of Atg proteins have been widely studied
association to each step of autophagy (Figure 1) [14,15].
As depicted in Figure 1, autophagy develops by different steps:
duction, nucleation, elongation, maturation, and degradation of
ecific cytosolic components. The mammalian target of rapamycin
TOR) pathway is a serine/threonine protein kinase highly conserved
eukaryotes [16] and is the most important negative regulator of
tophagy [17]. It interacts with several proteins to form two distinct
mplexes, mTOR complex 1 (mTORC1) and 2 (mTORC2), that
ow different sensitivities to rapamycin as well as to upstream inputs and
wnstream outputs [18,19]. mTOR controls cell growth by activating
abolic processes (i.e., protein synthesis, transcription, and ribosome
ogenesis) and by inhibiting catabolic processes (i.e., mRNA
gradation and autophagy activation) [20]. Its activity is negatively
gulated by multiple stress signals including hypoxia, oxidative stress,
gure 1. Autophagy pathway. Physiologically, activatedmTOR phospho
tophagy.On the contrary, in conditionsof higher nutrients depletion or s
tophagy is activated. When mTOR is inhibited, dephosphorylated Atg
agophore formation. ULK1/2-Atg13 recruits PI3KC3 complex with Becl
agophore nucleation. Elongation process begins with the recruitment o
d transformed in the soluble cytosolic form LC3-I. In the next step, A
hosphatidylethanolamine), and converting the soluble formLC3-I into au
tophagosome membrane by mean Atg5 and Atg12 and regulates bot
gradation of cargo binding ubiquitinated proteins trapped by p62/SQS
NA damage, and lack of nutrients, which are all inducers of autophagy
1]. Specifically,mTORC1 is sensitive to the lack of nutrients that leads
the mTOR inactivation [22] that induces autophagy. In the stress
ndition, mTOR does not phosphorylate Atg13. In this form, Atg13
nds the Unc-51-like kinase-1/2 (ULK1/2) complex and stimulates its
talytic activity that results in the induction of the phagophore
rmation [23,24]. ULK1/2-Atg13 recruits a second kinase complex
5] composed by Beclin-1, PI3KC3 (phosphatidylinositol-3-kinase
ass III), Vps34 (vacuor protein sorting-34), AMBRA-1 (autophagy and
eclin-1 regulator-1), and UVRAG (UV radiation resistance-associated
ne protein) and promotes the phagophore nucleation [26].
Beclin-1 is the mammalian orthologue of yeast Atg6 and a
cl-2-homology (BH)-3 domain protein [27]; it acts as a master
gulator of autophagy depending on the specific Beclin-1 binding
oteins, i.e., autophagic inducers and/or inhibitors [28] (see below).
Elongation of the phagophore requires two ubiquitin-like systems,
mely, the light chain3 (LC3) and the cargo receptor p62/sequestome1
62/SQSTM1). The LC3 activity is based on processing of
icrotubule-associated protein LC3 usually expressed as full length in
e cytosol. Upon autophagy stimuli, nascent LC3 (pro-LC3) is
oteolitically cleaved by Atg4, a cysteine protease, which generates
3-I, a soluble cytosolic form. Atg4 is activated by Atg7, an E1-like
zyme, in an ATP-dependent manner, and induces the transfer of
3-I to Atg3, an E2-like carrier protein [29]. At this step, activated
3-I is conjugated to phosphatidylethanolamine (PE) and generates
3-II that is the autophagic vesicle-associated form or lipidated form
0]. The conversion of LC3-I to LC3-II indicates the autophagosome
aturation. LC3-II is found on both internal and external autophagosome
rylates Atg13 which, after dissociation by ULK1/2 complex, inhibits
tress, or in the presenceof rapamycin (inhibitor ofmTORpathway),
13 is activated and reassociates to ULK1/2 complex, inducing the
in-1, Vps34, AMBRA-1, and UVRAG, resulting in the initial steps of
f cytosolic nascent pro-LC3 that is cleaved by Atg-7-activated Atg4
tg4 transfers LC3-I to Atg3, triggering the lipid conjugation to PE
tophagic vesicle-associated form LC3-II. LC3-II is conjugated to the
h the fusion of autophagosome to lysosome membranes and the
TM1.
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embrane, and its recruitment and integration depend on
tg5-Atg12 interactions. LC3-II acts as a regulator of the fusion of
tophagosome and lysosomemembranes and as selector of the cargo
r the degradation process [31]. The second system p62/SQSTM1
2] is an autophagy marker because its degradation follows the increase
autophagic flux. It promotes the turnover of ubiquitinated proteins in
tolysosome membrane by association of protein ubiquitin-binding
main with LC3-II via its LC3-interacting region [33].
The autophagy machinery is regulated at different levels [34]. The
ajor regulator is mTOR that operates as a signaling control point
wnstream of the growth factor receptors, ATP levels, and insulin
gnaling. Following the nutrient deprivation and low levels of ATP,
TOR is repressed and activates adenosine 5′-monophosphate–activated
otein kinase (AMPK) [35,36]. Also, the mTOR inhibition by
MPK allows hypoxia to activate autophagy through hypoxia-inducible
ctor (HIF)–dependent and –independent effects [36,37]. Hypoxia
.e., oxygen unavailability to accept free electrons from the respiratory
ain) prompts endoplasmic reticulum (ER) stress through unfolded
otein response, reduces mitochondria function in oxidative phos-
orylation, and induces autophagy that eliminates the ER compacted
rtions and reduces the mitochondrial mass [37]. This adaptive
sponse to hypoxia prevents ER wasteful ATP consumption and
strains the production of ROS into mitochondria. Increased
tophagy can also generate ATP from catabolism when ATP
oduction, by oxidative phosphorylation, is limited.
Atg proteins also provide complex posttranslational modulation of
tophagy [38].

utophagy in Cancer and Cellular Stress Conditions
utophagy plays a dual role in tumor development and progression.
t the early stage of tumorigenesis, it is oncosoppressive in that it
events tumor initiation by suppressing chronic tissue damage,
flammation, and genome instability [39,40]. In contrast, once
mor is growing, autophagy promotes its growth, metabolism,
ogression, and DR because it allows cancer cells to overcome
tracellular and environmental stress [41].
The role of autophagy in cancer has been proved by using murine
odels knockout for essential autophagic genes. Beclin-1 is involved in
e initiation and formation of phagosome as shown in ovarian, prostate,
d breast cancer [42,43]. Its levels are decreased in human breast
rcinoma, and this inhibits tumorigenesis [44]. Inoculation of
mortalized breast epithelial cells with the allelic loss of Beclin-1 gene
to NOD/SCID mice induces genomic instability in response to a
etabolic stress and rapidly promotes breast tumorigenesis [45].
ransfer of Beclin-1 in autophagy-defective human MCF7 breast
rcinoma cell line promotes autophagy and supports tumor progression.
Several proteins interact with Beclin-1 and regulate autophagy,
ducing antiproliferative or tumor suppressor effects. Functional
ficiency in mouse embryos of AMBRA1 [46], a positive regulator of
eclin-1–dependent autophagy, leads to neural tube defects associated
ith autophagy impairment and consequent accumulation of ubiqui-
nated proteins, unbalanced cell proliferation, and excessive apoptotic
ll death. BIF-1 (endophilin B1) [47] interacts with Beclin-1 through
e UVRAG [48] acting as a positive mediator of the PI3KC3. In
sponse to nutrients deprivation, BIF-1 colocalizes with Atg5 and LC3
autophagosomes and joins the UVRAG-Beclin 1 complex that

tivates autophagy and induces tumor suppression [47].
The master tumor suppressor genes p53 [45–50] plays a dual role
the regulation of autophagic machinery. Multiple p53 target genes
imulate autophagy, which often results in the downregulation of the
ntral negative regulatormTOR [51].One of themechanisms bywhich
3 downregulates mTOR is the activation of AMPK (positive regulator
autophagy) through the transcriptional regulation of Sestrins 1 and 2
2]. p53 also transactivates several genes, including β1 and β2 subunits
AMPK, phosphatase and tensin homolog (PTEN), and insulin-like
owth factor binding protein 3. AMPK β1 and β2 subunits are
pregulated under stress conditions and antagonize the
tophagy-suppressive functions of mTOR in a p53-dependent manner
3]. Another mechanism whereby p53 induces autophagy is the
regulation of the tumor suppressor protein death-associated protein
nase 1 [54]. This induces autophagy by binding to and then
ppressing the MAP1-B, an antiautophagic factor that interacts with
C3 [55]. In contrast, the cytoplasmic p53 inhibits autophagy through a
anscription-independent manner [56]. p53 knockout, by RNA
terference or pharmacological inhibition, induces an increase of basal
tophagy through AMPK-dependent inhibition of mTOR. This is
served in G1 and S cell cycle phases, suggesting a cell cycle–dependent
gulation of autophagy by p53 [57].
In association to p53, the activated RAS plays an important role into
odulation of autophagy in cancer progression and invasion. Kinsey
al. [58] demonstrated that, in human pancreatic cells, activation of
-RAS and loss of p53 upregulate Placenta-specific gene 8 that
duces autophagosome-lysosome fusion. Instead, in breast cancer
ogression, RAS and p53 can regulate heat shock transcription
ctor 1, inducing autophagy by binding Atg7 [59].
Literature data also demonstrate that HIF-1α interferes with cancer
etabolism and activates the autophagic machinery [60]. HIF-1α
rticipates to the stabilization of p53 and activation of H-RAS
teracting with the autophagy regulation. Lili Song et al. [61]
monstrated that, in radioresistant cervical cancer, upregulated
iRNA-21 is associated to HIF-1α and p-Akt overexpression and to
creased levels of PTEN.miRNA-21 inhibition increases PTEN levels
d decreases p-Akt and HIF-1α, suggesting a HIF-1α–miRNA-21
sitive feedback loop through the PTEN/Akt/HIF-1α pathway. This
ay act on autophagy regulation via Akt-mTOR signaling pathway.
Thus, autophagy, as a tumor promotor, is closely linked to the
poxic conditions. Exposition of human tumor cell lines to hypoxia
metabolic stress activates autophagy in vitro [62]. In these

nditions, HIF-1α triggers autophagy, leading to cell survival by
volving unfolded protein response [63]. Hypoxia increases the
anscription of the MAP1LC3B that during autophagy is conjugated
the lipid PE (MAP1LC3B-II) and inserted into membranes of the
owing autophagic vesicles [64]. Consequently, autophagosome
rmation and lipidation are also dependent on Atg5 through the
anscription factors ATF4 and CHOP, which are regulated by
KR-like ER kinase. Regulation of autophagy by PKR-like ER kinase
important to mediate hypoxia tolerance and to target this pathway
rough genetic or pharmacological approaches in tumor hypoxia and
radiation treatment.
Moreover, remarkable is the role of ROS in the activation of
tophagy. ROS are small and highly reactive molecules formed by
complete one-electron reduction of oxygen and able to oxidize
oteins, lipids, and DNA. Redox regulation can be involved in
fferent signaling pathways, and the cross talk between ROS
oduction and autophagic machinery has been demonstrated in
veral pathological conditions [65]. Autophagy induces the
ppression of damaged organelles or protein aggregates that lead to
increase of ROS species and consequently to DNA damage [66].
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berrant ROS levels can be associated to cancer initiation. ROS
oduction is mainly located in the mitochondria: in this context, the
tophagy is the most important process responsible for the damaged
itochondria degradation and for their turnover. Scherz-Shouval
al. [67] have demonstrated that stress conditions and amino acids
privation induce the formation of PI3KC3/Beclin-1 complex that
imulates the mitochondria to accumulate H2O2, subsequently
creted into the cytosol. ROS prompts the oxidation of Atg4 Cys81

sidue in the catalytic site, lipidating Atg8 ubiquitin-like protein
ith the cleavage of c-terminus residue in the presence of Atg3 and
tg7 proteins. Lipidation of Atg8 is an essential prerequisite for the
njugation of PE to LC3-I, forming LC3-II and inducing the
tophagolysosome formation (Figure 2). In this condition,
itochondria act as one of the major sources of signal to induce
tophagy and autophagosome biogenesis.
Collaborations between autophagy and different tumormarkers have
strong impact on context-specific ways in cancer and are the basis for
rther investigations to provide novel pharmacological treatments.

utophagy and Apoptosis: Two Closely Connected
rocesses

poptosis (programmed cell death) is a cell suicide mechanism
sponsible for the removal of damaged cells and/or unnecessary
nfunctioning cells; hence, it acts for maintenance of physiological
meostasis. It can be induced by intracellular input (i.e., calcium
cumulation, oxidative damage, and hypoxia) or by extracellular
essages such as pathogenic bacteria, toxins, and proapoptotic
olecules [68]. Deregulation of apoptosis leads to accumulation of
llular damages and contributes to carcinogenesis and failure of
ticancer treatment. Mutations or aberrant expression and/or
nction of death receptors/ligands and/or other proteins involved
apoptotic pathways have been described in several tumors [69]. In
is context, therapeutic strategies that restore the apoptotic process
ay serve the antitumor drug activity [70].
As autophagy is a process by which tumor cells adapt their survival
response to microenvironment critical conditions, autophagy and
gure 2. Autophagy machinery and cellular stress. Metabolic stress in
e accumulation of H2O2 previously created into the mitochondria. RO
esence of Atg3 and Atg7, directly cleaves the c-terminus of Atg8. L
rming LC3-II and inducing autophagolysosome formation.
optosis can act as mutually exclusive and simultaneously cross-linked
ocesses [71]. Although they are two distinct biochemical processes,
ey form a network in terms of regulation: both pathways are necessary
r the maintenance of cell homeostasis and for the prevention of
morigenesis [72]. In cancer cells, metabolic or pharmacological stress
tivates autophagy, triggering cell proliferation and survival. Inhibition
autophagy prompts apoptosis in stressed cells and causes tumor
gression. Finally, persistent and sustained cell stress turns the
ysiological protective effect of autophagy into autophagic cell death
3]. The cross-regulation of these opposite effects, namely, autophagic
ll survival and cell death, relies on a network of signal transducers
volved in autophagy as well as in apoptosis [74].
Since 1999, Liang et al. [75] identified Beclin-1 as the link between
tophagy and tumorigenesis: ectopic expression of Beclin-1 activates
morigenesis in vivo. Further studies show that Beclin-1 interacts with
e antiapoptotic Bcl-2, Bcl-xL, and Mcl-1 through its BH3 domain
hibiting autophagy [76]. During starvation or other stress conditions,
veralmechanisms (i.e., JNK-mediated phosphorylation of Bcl-2/Bcl-xL,
APK-mediated phosphorylation of the BH3 domain of Beclin-1)
stroy theBcl-2/Bcl-xL–Beclin-1 complex and activate autophagy via the
teraction of Beclin-1 with Vsp34 [28]. Pattingre et al. [77] suggested
at Bcl-2/Beclin-1 complex acts as a detector able to maintain autophagy
vels within the homeostatic range.
Cellular FADD-like IL-1β–converting enzyme inhibitory protein
LIP) is involved in the inhibition of both processes. Specifically, FLIP
hibits apoptosis by the interaction with Fas-associated death-domain–
ntaining protein, preventing the activation of the caspase cascade. In
dition, FLIP attenuates autophagy by blocking the lipidation of LC3
phagosome membrane [78].
In relation to Atg proteins, Yousefi et al. [79] showed their important
le in the apoptosis pathway. Atg5 is a substrate of calpains that
igrates into the mitochondria and induces the release of cytochrome
Atg12 is required for the activation of caspases by inhibition of Bcl-2
d Mcl-1, activating apoptosis [80].
Inhibition of autophagy leads to an increase of apoptosis,
ghlighting the prosurvival role of the autophagy [81]. Fimia et al.
duces the formation of PI3KC3/Beclin-1 complex which leads to
S directly oxidizes Cys81 residue of Atg4 catalytic site that, in the
ipidation of Atg8 is essential to the conjugation of LC3-I to PE,
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1] proved that PI3Ks class I and III pathways play an important and
posite role in the control of autophagy: the first one stimulates a
pressive effect promoting cell growth and tumor development,
hile the second is essential for autophagy induction.
Moreover, the RAS and Akt oncoproteins are involved in this
twork, inhibiting the autophagy machinery [81,82]. Oncogenic
AS supports tumor cell proliferation and maintains metabolic cancer
tivities [83]. Human cancer cell lines with ectopical expression of
cogenic H-RAS and endogenous K-RAS mutations show activa-
on of autophagy following extracellular matrix detachment. These
ta suggest a mechanism by which autophagy may promote
AS-driven tumor growth in specific metabolic contexts.

utophagy as Prosurvival Machinery in MM
cancer cells, metabolic stress induces autophagy as a cellular alternative
urce of energy and metabolites [84], enhancing an adaptive cell
sponse to cancer therapies [85]. In hematological malignancies,
tophagy plays an essential role to attenuate drug-induced cell death
rough a chemoresistance [86]. MM is a hematological malignancy
aracterized by the expansion of monoclonal plasma cells (MM cells) in
e bone marrow. MM cells produce large amounts of monoclonal
munoglobulins (Igs) that result in a localization of potentially toxic
folded or misfolded proteins to ER. Thus, because of the high
oliferative rate and the Igs synthesis, autophagy is essential forMM cells
rvival in order to degrade the excess of protein aggregates [87].
hibition of autophagy by Beclin-1 knockdown or treatment with
tophagy inhibitors, i.e., 3-methyladenine (3-MA) and chloroquine,
duces MM cells apoptosis [88,89] and blocks autophagosome
rmation. Recently, Wang et al. [90] demonstrated that elaiophylin, a
tent inhibitor of late stage of autophagy, has an anti–MM cell activity
a inhibition of the autophagic flux and persistent activation of ER stress–
ediated apoptosis. On the other hand, basal autophagy is tightly
gulated to avoid autophagic cell death. Lamy et al. [91] identified the
gure 3. Autophagy targeted therapy. Pharmacological targets are inv
reen plots) or negative (red plots) regulation. Rapamicyn, everolimu
mTOR and Beclin-1 level; on the contrary wortmanin, Beclin-1 pepti
ps34, Atg7, and Atg4 inhibitors negatively regulate the autophagy m
terodimeric protease caspase-10/FLIPL as a prosurvival factor restraining
sal autophagy by cleaving the Bcl-2-interacting protein Bcl-2-associated
anscription factor 1. Inhibition or knockdown of caspase-10 stabilizes
cl-2-associated transcription factor 1 that displaces Bcl-2 from Beclin-1,
ading to excessive autophagy and thus to MM cell death.
Literature data focus on autophagy as an MM prosurvival mechanism
le to exert a protective effect under drug treatment in that drug-resistant
M cells can escape the toxic effect of drugs via autophagy [92].
oteasome inhibitors, such as bortezomib and carfilzomib, are the
st-line drug for MM treatment in both newly diagnosed and relapsed
tients. These drugs initially exert anticancer properties, but frequently,
tients become resistant. Bortezomib-resistant MM cells show high
vels of AMPK and of autophagosome formation compared to
rtezomib-sensitive cells. Reduction of AMPK activity compromises
tophagosome formation [93]. Riz et al. [94] demonstrated that the
anscription factor Kruppel-like factor 4 contributes to carfilzomib
sistance in MM cells by binding to the promoter regions of SQSTM1
ne encoding p62. Hoang et al. [95] showed that autophagy is further
hanced by exposure of MM cells to ER stress inducers and mTOR
hibitors. Since mTOR is a well-known inhibitor of autophagy,
eatment of MM cells with a pharmacological inhibitor 3-MA induces
tophagic cell death in a dose-dependent manner. Co-treatment ofMM
lls with bortezomib and autophagy inhibitor results in a synergistic
totoxic effect [95].
Downregulation of PI3K/Akt/mTOR signaling pathway positively
rrelates with cell autophagy activation mediated by ER stress [96]. Fu
al. [97] demonstrated that, in a large cohort of MM patients divided
to resistant and sensitive basing on the chemotherapy efficacy, ER
ress promotes autophagy and apoptosis and blocks proliferation
rough inhibition of PI3K/Akt/mTOR signaling. ER stress is also able
revert to DR via PI3K/Akt/mTOR pathway.
Intracellular nicotinamide adenine nucleotide plays an important
le in the regulation of several cellular processes. It is highly
olved at different levels in autophagy process to exert a positive
s, and BH3 mimetics (venetoclax) positively regulate autophagy
de, 3-MA, chloroquine, hydroxychloroquine, bafilomycin, ULK1,
achinery.
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pressed in MM cells and mediates cell growth and DR [98]. Cea et
. demonstrated that the inhibition of Nampt, a rate-limiting enzyme
volved in nicotinamide adenine nucleotide synthesis, induces a
levant cytotoxic activity against MM cells resistant to conventional
ti-MM drugs in vitro and in vivo and overcomes the protective
fect of interleukin-6, IGF-1, and bone marrow stromal cells. The
totoxic effect of the Nampt inhibitor FK866 is due to the activation
autophagy through the inhibition of mTORC1/Akt and of ERK 1/2
thways [98].
Activation of prosurvival autophagy can also be induced in response
multiple stressors, i.e., oxygen/nutrient deprivation, extracellular
atrix degradation, and inflammation, in the tumor microenviron-
ent. Recently, Frassanito et al. [99] identified a mechanism able to
ediate the cross talk between MM cells and cancer-associated
roblasts (CAFs) in MM DR. CAFs are a very important cell within
e bone marrow stroma and promote cancer initiation, progression,
d DR [100,101]. Co-cultures of MM cells with MM CAFs are
vitro resistant to bortezomib, implying that MM CAFs prevent
rtezomib-induced apoptosis. Authors demonstrated that bortezomib
eatment activates autophagy in MM CAFs through inhibition of
TOR, induction of LC3-II, and activation of TGF-β pathway [98].
hibition of autophagy by small-interfering RNA knockdown of Atg7
treatment with 3-MA or TGF-β inhibitor restores the susceptibility
bortezomib in bortezomib-resistant CAFs and produces cytotoxicity
MM cells co-cultured with CAFs.

onclusions
utophagy is a crucial mechanism involved in tumor progression. Of
te, in MM, autophagy is a prosurvival mechanism by which tumor
lls overcome excessive accumulation of toxic misfolded Igs.
rthermore, autophagy fosters resistance of MM cells to proteasome
hibitors. Proteasome inhibition induces the accumulation of damaged
oteins in the intracellular environment, causing ER overload and
ress. Based on the tight connection among autophagy, cell stress, and
optosis, proteasome inhibition also activates autophagy, inducing
R. Therefore, targeting autophagy to prompt MM cells death and to
crease drug sensitivity may be envisaged as a novel therapeutic
rategy. Specifically, because of the dual role of autophagy as
echanism of prosurvival or cell death, targeting autophagy may
cus on activation (ie, rapamicyn, everolimus, BH3 mimetics) or on
hibition of autophagy (Figure 3).
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