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ATG4B belongs to the autophagin family of cysteine proteases required for autophagy, an emerging target
of cancer therapy. Developing pharmacological ATG4B inhibitors is a very active area of research. How-
ever, detailed studies on the role of ATG4B during anticancer therapy are lacking. By analyzing PC-3 and
C4-2 prostate cancer cells overexpressing dominant negative ATG4B“#A in vitro and in vivo, we show that
the effects of ATG4B®*A are cell type, treatment, and context-dependent. ATG4B’#A expression can
either amplify the effects of cytotoxic therapies or contribute to treatment resistance. Thus, the successful
clinical application of ATG4B inhibitors will depend on finding predictive markers of response.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

Macroautophagy (hereafter referred to as autophagy) is an evo-
lutionarily conserved process implicated in cellular homeostasis
and response to stress [1,2]. Briefly, cellular macromolecules or
organelles are sequestered in autophagosomes, which in turn fuse
with lysosomes to form autolysomes. The activation of lysosomal
enzymes then mediates the degradation of the autolysosome con-
tent to procure cells with carbohydrates, nucleotides, amino acids,
and fatty acids. By enabling the removal of damaged cellular com-
ponents, and by providing building blocks for anabolic reactions or
energy production, autophagy can contribute to cell survival. Con-
versely, unabated autophagy has been associated with cell death,
although it is controversial if autophagy is a bona fide mechanism
of cell death on its own [3].

While autophagy plays an important role in a broad range of
disease conditions, its role in cancer is particularly complex [1,4].
During early carcinogenesis the tumor suppressing activities of
autophagy seem to prevail (e.g., mitigation of DNA damage). In
contrast, autophagy may contribute to tumor cell survival in estab-
lished tumors that are commonly characterized by severe hypoxia
and reduced nutrient availability, and in tumors subjected to cyto-
toxic therapy. Therefore, autophagy inhibition is being studied in
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phase II clinical trials combining the autophagy inhibitor hydroxy-
chloroquine with chemotherapy (www.clinicaltrials.gov) [5].
Hydroxychloroquine is a lysosomotropic 4-aminoquinoline that
impairs the fusion of autophagosomes and lysosomes, and that
inhibits the acidification of autolysosomes and thus lysosomal en-
zyme activation [5-7]. However, the clinical development of
hydroxychloroquine as an anticancer agent is challenging due to
poor pharmacokinetic properties for cancer indications, lack of
specificity, side-effects that could be enhanced by concomitant
chemotherapy, and concerns whether the tissue levels of hydroxy-
chloroquine that can be safely achieved are high enough to signif-
icantly impair autophagy [6,8,9]. Hence, the development of more
potent and specific autophagy inhibitors is a very active area of re-
search [10-15]. ATG4B (autophagy-related 4B, also named auto-
phagin-1) is a particularly interesting drug target in this respect.
ATG4B belongs to the autophagin family of cysteine proteases re-
quired for autophagy [16]. By controlling the lipidation status of
the autophagosome membrane protein LC3 (microtubule-associ-
ated protein 1 light chain 3), ATGB4 controls autophagosome mat-
uration. Briefly, pro-LC3 is cleaved by ATG4B to its LC3-I isoform
(18 kDa), followed by ATG7 and ATG3 mediated conjugation of
LC3-1 with phopshatidyl-ethanolamine to yield LC3-II (16 kDa),
which integrates into the crescent autophagosome double-mem-
brane under the control of the ATG5-ATG12-ATG16L complex
[17]. Autophagic activity can be semi-quantified by obtaining the
LC3-1I/LC3-I ratio under steady state conditions, and by analyzing
the LC3-II/LC3-I ratio as well as the accumulation of LC3-II in the
presence of chloroquine, which inhibits the degradation of LC3-II.
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The latter reveals information about the autophagic flux [18]. The
protease activity of ATG4B is considered more readily druggable
than the complex protein-protein interactions found in other com-
ponents of the autophagy machinery such as the multi-protein
autophagy initiation complex. Furthermore, one expects ATG4B
inhibitors to be very well tolerated given that the phenotype of
atg4b deficient mice is largely restricted to inner ear development
abnormalities [19,20].

Given the lack of detailed studies on the role of ATG4B during
anticancer therapy [21], we describe herein the derivation of PC-
3 and C4-2 prostate cancer cells expressing ATG4B“’#* a dominant
negative mutant of ATG4B phenocopying the characteristics of
atg4b deficient cells [19,22].

2. Materials and methods
2.1. Materials

Docetaxel (Sanofi) and doxorubicin (Novopharm) were ob-
tained from the Odette Cancer Centre Pharmacy. Docetaxel was
freshly reconstituted before each use as per manufacturer’s
instructions. Doxorubicin saline stock solution was kept at 4 °C.
Topotecan (gift of Dr. R.S. Kerbel) was reconstituted in DMSO and
the stock solution was kept at —80 °C. All other reagents were ob-
tained from Sigma-Aldrich unless otherwise indicated.

2.2. Cell lines and culturing

PC-3 (purchased from the American Type Culture Collection)
and C4-2 (gift from Dr. M. Gleave) human prostate cancer cells
were maintained in Dulbecco’s Modified Eagle Medium (DMEM;
high glucose with L-glutamine media, HyClone Laboratories) sup-
plemented with 5% (v/v) fetal bovine serum (FBS; HyClone Labora-
tories) at 37 °C in a humidified atmosphere containing 5% CO,. For
autophagic flux studies, saturating concentrations of chloroquine
(20 uM for both cell lines; Reyes, and Emmenegger, unpublished
data) were added for the last 6 h of incubation.

For retrovirus production, we transfected HEK293T cells with
pmStrawberry C1 or pmStrawberry-Atg4B<’4 (Addgene), envelop
plasmid (VSV-G), and packaging plasmid (GAG-POL) using Lipo-
fectamine 2000 (Life Technologies). PC-3 and C4-2 cells were
transduced overnight in the presence of 10 pig/mL polybrene, and
grown until sub-confluency before cell sorting (2 rounds) to obtain
pools with high transgene expression.

2.3. Western blotting

Cell lysates were prepared in 25 mM Tris-HCl (pH 7.6), 150 mM
Nacl, 1% NP-40, 1% sodium deoxycholate, 0.1% sodium dodecyl sul-
phate (SDS), and protease inhibitors (Complete, Mini Protease
Inhibitor Cocktail Tablets, Roche Diagnostics), and separated on
an SDS-polyacrylamide gel (15% for LC3 Western blots, 12% for
ATG4B Western blots) before transfer onto PVDF (Polyvinylidene
Fluoride) membranes (Millipore). The membranes were incubated
with the following primary antibodies as indicated: anti-g-actin,
anti-ATG4B, and anti-LC3B (Novus Biologicals). They were devel-
oped with a 1:10,000 dilution of horseradish peroxidase (HRP) con-
jugated secondary antibody (Stressgen) and the bands visualized
with Western HRP Substrate Reagent (Millipore). For LC3 densi-
tometry analyses, the LC3 values were automatically corrected by
subtracting the background noise and normalized using p-actin.
The ratio of LC3 II to LC3 I was calculated using the normalized
values.

2.4. MTS proliferation assays

1 x 10® PC-3 cells per well and 1.5 x 10* C4-2 cells per well
were seeded in 96-well plates in 50 pL of DMEM 5% FBS overnight.
Thereafter, 50 pL of drug-containing culture media were added.
After 72 h of incubation, the number of viable cells was quantified
by applying the MTS assay (CellTitre 96® AQueous Cell Proliferation
Assay, Promega Corporation) according to the manufacturer’s
instructions.

2.5. Clonogenic survival assays

Mock irradiated cells, or cells irradiated with 2, 4, or 6 Gy,
respectively, were subjected to clonogenic survival studies as pre-
viously described [23].

2.6. Animal procedures

All animal procedures were performed according to institution-
ally approved animal care guidelines (Sunnybrook Research Insti-
tute Animal Care Committee). 2 x 10® PC-3 cells were injected
subcutaneously into the flanks of 6-8 week old, 25-30 g male
athymic nude mice (Harlan). Tumor size was assessed weekly
using calipers and by applying the formula (0.5 x [L x W?]), where
L and W represent the largest and the smallest tumor diameter,
respectively. We also obtained serial mouse body weights as a
measure of treatment toxicity. Doxorubicin (bolus of 6 mg/kg)
was administered intraperitoneally once the tumors reached an
average size of around 250 mm°.

The tumor take rate and growth properties of C4-2 cells are con-
siderably variable in athymic nude mice (Chow and Emmenegger,
unpublished observations). Therefore, C4-2 cells were grown in-
stead in severe-combined immunodeficient (SCID) mice harboring
the ubiquitously expressed YFP (yellow fluorescent protein) trans-
gene (in-house breeding program) [24]. 5 x 10° cells per mouse
suspended in 50:50 (v/v) DMEM/Matrigel (BD Biosciences) were
injected subcutaneously. We administered the maximum tolerated
doxorubicin dose for SCID mice (2 mg/kg intraperitoneal bolus)
once the tumors were established (i.e., around 250 mm?) [25].

2.7. Statistical analyses

Results are reported as mean * standard error of the mean un-
less otherwise indicated. Statistical significance of observed differ-
ences was assessed using GraphPad Prism Version 4.00. A p-value
of less than 0.05 was considered significant.

3. Results

3.1. Characterization of ATG4B“"** expressing PC-3 and C4-2 human
prostate cancer cell lines

Following transduction with pmStrawberry-Atg4b<’#* we
found a ratio of ATG4B“”#* over endogenous ATG4B of around 2.5
(PC-3) and 3 (C4-2), which was not markedly affected by autoph-
agy-promoting culture conditions such as hypoxia (1% O), or by
chloroquine treatment (Fig. 1A, C). The presence of ATG4B"4A con-
siderably changed the expression pattern of LC3 isoforms (Fig. 1B/
C, E/F). LC3-1 was found to accumulate in ATG4B”4A expressing PC-
3 and C4-2 compared to corresponding control cells. When PC-3
cells were exposed to chloroquine to study autophagic flux, the
LC3-II/LC3-I ratio decreased from 1.54 (PC-3mstr) to 1.05 (PC-
3atg4b®’4A) under standard tissue culture conditions, indicating re-
duced basal autophagy (Fig. 1B). Under hypoxia induced autophagy
(1% 0,), the difference of the LC3-II/LC3-I ratios was even more
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Fig. 1. Characterization of PC-3 and C4-2 human prostate cancer cell lines expressing ATG4B’#A, (A) Retroviral transduction of PC-3 with pmStrawberry-Atg4b’*A enabled
marked expression of the mstrawberry-ATG4B7#* fusion protein (mstr-ATG4B7#A), which resulted in LC3-I accumulation and a lowered LC3-1I/LC3-I ratio documenting

impaired autophagy in PC-3atg4b74"

exposed to metabolic (1% O, over 24 h) (B) or cytotoxic (amsacrine, AMSA; 10 pM) (C) stress when compared to control PC-3mstr cells

transduced with pmStrawberry C1. (D) In ATG4B7#A overexpressing C4-2, both hypoxia-induced (E) and amsacrine-induced autophagy (F) were even more impaired than in

PC-3atg4B®7#A, CQ: chloroquine (20 puM, added for the last 6 h of incubation).

pronounced (3.74 versus 1.43). We observed similar changes in the
C4-2 model (Fig. 1E).

To further characterize our cell models we also used amsacrine,
a topoisomerase II inhibitor with particularly strong autophagy
inducing properties [26]. In the presence of amsacrine, the LC3-
[I/LC3-I ratio was reduced in PC-3atg4b®’** compared to PC-3mstr
(Fig. 1C). As per LC3-II/LC3-I ratio, the autophagic flux was 2-fold
lower in PC-3atg4b“’#A versus PC-3mstr (0.23 versus 0.56). In C4-
2atg4b®’4? LC3-II was undetectable (Fig. 1F).

3.2. Differential impact of ATG4B“** on in vitro chemosensitivity of
PC-3 versus (4-2

Given their frequent use in the treatment of advanced prostate
cancer, we studied the antiproliferative effects of docetaxel (taxane
microtubule inhibitor) and of doxorubicin (intercalating topoiso-
merase Il inhibitor) by applying MTS assays in PC-3mstr versus
PC-3atg4b®’#A, and in C4-2mstr versus C4-2atg4b“’#A (Table 1A).
Of note, MTS assay data highly correlate with conventional cell
counting in both ATG4B“’#? expressing and control cells, although
the MTS assay is based on mitochondrial enzymatic activity, which
could be affected by the autophagy status (Supplemental Fig. S1).
Overall, PC-3 cells were more resistant to docetaxel than C4-2 cells
(Fig. 2A, D). Otherwise, neither PC-3atg4b’*" nor C4-2atg4b<’4A
differed significantly in their response to docetaxel when com-
pared to PC-3mstr or C4-2mstr.

The half maximal inhibitory concentration (ICsg) of doxorubicin
for PC-3mstr was around 2-fold higher compared to C4-2mstr
(0.066 versus 0.032 pg/mL) (Table 1A). However, ATG4B<74A
expression resulted in opposite effects in PC-3 versus C4-2
(Fig. 2B, E). While the doxorubicin ICs, for PC-3atg4b®’4A was mod-
erately but significantly increased compared to PC-3mstr (i.e., by
25%), ATG4B7*A expression markedly sensitized C4-2 to the effects
of doxorubicin by around 4-fold (Table 1A). To expand on the find-
ings with doxorubicin, we also tested the topoisomerase I inhibitor
topotecan to see the same phenomenon. ATG4B"4* expression
promoted resistance to topotecan in PC-3 yet chemosensitized
C4-2 (Fig. 2C, F). Supplemental Fig. S2 summarizes the relative
changes of docetaxel, doxorubicin, or topotecan ICsq’s in ATG4B74A
expressing PC-3 or C4-2 cells compared to their corresponding
control cells.

3.3. ATG4B“"** amplifies radiation effects in C4-2 but promotes
radiation resistance in PC-3

Since topoisomerase inhibition results in DNA double-strand
breaks, we asked if the differential response of PC-3atg4b®’4A
versus C4-2atg4b®”#? to doxorubicin and topotecan could be
replicated by radiation-induced DNA damage. Indeed, clonogenic
survival assays revealed the same response pattern (Supplemental
Fig. S3). PC-3atg4b®™** were more resistant to irradiation than

Table 1A
Half maximal inhibitory drug concentrations (ICsp).
PC-3mstr PC-3atg4b747 p-value C4-2mstr C4-2atg4b®74A p-value
Docetaxel (mean + SEM; ng/mL) 1.259 £ 0.025 1.260 £ 0.137 0.991 0.881 +£0.020 0.827 £ 0.030 0.226
Doxorubicin (mean + SEM; pg/mL) 0.066 + 0.009 0.082 +0.007 0.025 0.032 +0.007 0.008 +0.001 0.048
Topotecan (mean + SEM; png/mL) 0.018 +0.002 0.043 £ 0.006 0.024 0.021 +0.005 0.006 +0.001 0.042
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Fig. 2. Chemosensitivity studies. Cells were treated for 72 h with docetaxel (0.001-0.01-0.1-1-10-100-1000 ng/mL) (A, D), doxorubicin (0.00001-0.0001-0.001-0.01-0.1-
1-10 pg/mL) (B, E) or topotecan (0.00001-0.0001-0.001-0.01-0.1-1-10 pg/mL) (C, F), followed by MTS assay. While the autophagy status did not affect proliferation of PC-3
cells exposed to docetaxel (A), ATG4B"#A expression promoted resistance to both doxorubicin (B), and topotecan (C). On the other hand, ATG4B“7#A expression sensitized C4-
2 to the antiproliferative effects of doxorubicin (E) and of topotecan (F), yet its effect was neutral with respect to docetaxel (D). One representative experiment out of >3

independent experiments shown; n = 3 per datapoint.

Table 1B
Autophagy induction patterns.

PC-3mstr
Autophagy flux

PC-3 atg4b®74A
Autophagy flux

LC3-II/LC3-I ratio

PC-3atg4b®74A/PC-3mstr

Docetaxel ! ! !
Doxorubicin 1 l l
Topotecan 1 o 1

C4-2mstr C4-2 atg4b®74A LC3-1I/LC3-I ratio
Autophagy flux Autophagy flux C4-2atg4b®74A/C4-2mstr
7 4 I

T 2 U

T 2 (a

PC-3mstr, whereas ATG4B"#? expression sensitized C4-2 to radia-
tion therapy.

3.4. Differential chemotherapy-induced autophagy patterns in PC-3
versus (4-2 cells

Given the differential responses to doxorubicin and topotecan
in the PC-3 versus C4-2 models, we wondered if this could be ex-
plained by model-dependent variations in chemotherapy-associ-
ated autophagy induction. Representative LC3 Western blots are
shown in Supplemental Fig. S4, and the autophagy induction pat-
terns are summarized in Table 1B. In C4-2mstr, all three chemo-
therapy drugs tested induced the autophagic flux. However, no
discernible LC3-1l conversion took place in C4-2atg4b®’4A
(Fig. S4D-F). The response of PC-3mstr and PC-3atg4b®*A to che-
motherapy was more variable. While doxorubicin and topotecan
modestly induced autophagy in PC-3mstr (Fig. S4B, C), both the
steady-state LC3-II/LC3-I ratio and the autophagic flux were re-
duced by docetaxel (Fig. S4A). In contrast to C4-2atg4b®’#A, the
conversion of LC3-I to LC3-II was not fully suppressed in PC-
3atg4b®’4A exposed to chemotherapy. However, both docetaxel
and doxorubicin treatment impaired the autophagic flux in PC-
3atg4b®’#A, whereas the effects of topotecan were neutral
(Fig. S4A-C). When comparing PC-3mstr with PC-3atg4b®”#A, the
autophagic flux was around 3-fold lower in PC-3atg4b®# treated
with docetaxel or doxorubicin, but was 2-fold greater in topotecan
treated PC-3atg4b®74A,

3.5. Doxorubicin therapy of PC-3 and C4-2 xenograft tumors does not
replicate the findings of the proliferation assays

We wondered if the differential response of PC-3atg4b®’4A ver-
sus C4-2atg4b®*A to doxorubicin in vitro would predict the in vivo
behavior of corresponding xenograft tumors. The treatment of
established PC-3mstr tumors (~250 mm?) grown in athymic nude
mice was not significantly affected by doxorubicin (Fig. 3A) at the
well tolerated dose of 6 mg/kg (Fig. S5A). Although PC-3atg4b®74A
cells were found to be more resistant to doxorubicin in vitro than
PC-3mstr, the growth of PC-3atgdb®”#* tumors was significantly
impaired by doxorubicin (Fig. 3B). Of note, the growth pattern of
PC-3mstr versus PC-3atgdb®’#* tumors was different. While the
lag-phase to an approximate size of around 250 mm? was 5 weeks
in PC-3mstr compared to 4 weeks in PC-3atg4b®’#* tumors, tumor
progression beyond 250 mm? was accelerated in PC-3mstr com-
pared to PC-3atg4b“’#A tumors.

C4-2mstr tumors reached an average size of around 250 mm?
within 8 weeks (Fig. 3C), whereas the lag phase of C4-2atg4b®74A
tumors to 250 mm> was significantly shorter (around 2 weeks)
and followed by rapid tumor expansion (Fig. 3D). The growth of
C4-2mstr tumors was significantly impaired by doxorubicin
(Fig. 3C). In contrast, despite 4-fold increased in vitro sensitivity
of C4-2atg4b 72 cells to doxorubicin compared to C4-2mstr, C4-
2atg4b®’#A tumors were unresponsive to doxorubicin. As evi-
denced by serial body weight measurements, SCID mice tolerated
doxorubicin at the 2 mg/kg dose reasonably well (Fig. S5C, D).
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Fig. 3. Doxorubicin therapy of PC-3 and C4-2 tumor xenografts. (A) Established PC-3mstr tumors were found to be resistant to doxorubicin treatment (6 mg/kg), whereas the
growth of (B) PC-3atg4b®’#A tumors was significantly inhibited (p < 0.05 day 49, and 56, T-test). Established PC-3atg4b®”## tumors also displayed a less aggressive growth
pattern than PC-3mstr. (C) C4-2mstr growth was significantly impaired by doxorubicin (p < 0.05 day 97, T-test). (D) In contrast, C4-2atg4b®’#* tumors were completely
resistant to doxorubicin therapy and showed a more aggressive growth pattern than C4-2mstr. Shaded boxes: doxorubicin treatment period.

4. Discussion

Autophagy plays a dual role in therapeutic resistance, one of the
major challenges of systemic anticancer therapy. By facilitating the
removal of damaged cellular structures, and by supporting ana-
bolic and repair processes in cells exposed to cytotoxic stress,
autophagy can contribute to cell survival and thus to therapeutic
resistance. On the other hand, autophagy may also contribute to
cell death and hence to treatment response [4].

The dual role of autophagy is only one of the challenges in the
clinical translation of autophagy modulation as an anticancer
treatment strategy. There is also a lack of pharmacodynamic mark-
ers of autophagy for clinical purposes [27]. In addition, given lim-
ited single-agent activity, autophagy modulators are usually
combined with other treatment modalities. However, there is a
paucity of preclinical guidance with respect to defining the most
promising treatment combinations. Clinically, the most advanced
autophagy inhibitor to date, hydroxychloroquine, has pharmacoki-
netic as well as pharmacodynamic shortcomings and lacks specific-
ity [6,8,9]. In contrast, the cysteine protease ATG4B is considered an
autophagy-specific drug target. Furthermore, protease inhibitors
have already been developed successfully for other disease condi-
tions such as the human immunodeficiency virus infection [28].
While ATG4B inhibitors are being developed [11], the specific role
of ATG4B in cancer and cancer therapy has not yet been widely
studied. Apel et al. showed a radiation dose-dependent increase of
atg4b mRNA expression in a panel of breast (MDA-MB-231), pharyn-
geal (HTB43), cervical (HTB35), and lung cancer (A549) cell lines
[21]. On the other hand, atg4b RNA interference coincided with
reduced clonogenicity following radiation therapy of HTB43 and
MDA-MB-231, had no impact in HTB35 and increased the clonoge-
nicity of A549. To the best of our knowledge, we are the first to
study the role of ATG4B during chemotherapy, both in vitro and
in vivo. We found both quantitative and qualitative differences in
how PC-3 and C4-2 human prostate cancer cell lines are affected
by the expression of dominant negative ATG4B74A,

First, ATG4B“74" affects autophagy more markedly in C4-2 cells
compared to PC-3 despite similar expression levels. A number of

explanations could account for this difference, such as differential
capability to bypass ATG4B inhibition by compensatory use of
other ATG4 protease family members. In fact, although ATG4B is
considered the most important ATG4 protease, the ATG4 family
comprises 3 other members, albeit with different substrate speci-
ficities [16]. The consequences of ATG4B7#" expression may also
be modified by cell-type specific oncogene or suppressor gene
alterations known to affect autophagy [29], or by genetic altera-
tions of core autophagy genes [30].

Second, ATG4B“7#" expression sensitized C4-2 cells to doxorubi-
cin, topotecan, and radiation in vitro. However, no such sensitiza-
tion was seen in C4-2 treated with docetaxel. Altogether, our
findings suggest that autophagy exerts cytoprotective functions
in C4-2 experiencing DNA damage. In contrast, PC-3atg4b®"#A cells
are more resistant to doxorubicin, topotecan, and radiation com-
pared to PC-3mstr. Although one may argue that the more pro-
nounced autophagy defect seen in C4-2 atgdb®”* compared to
PC-3 atg4b®’** might account for the discrepancies seen, this
would not explain all the discordant findings. In fact, while doce-
taxel induced autophagy in C4-2mstr but reduced the autophagic
flux in PC-3mstr, neither C4-2atg4b®’4A nor PC-3atgh®’4A were sig-
nificantly sensitized to the effects of docetaxel compared to corre-
sponding control cells. On the other hand, PC-3 and C4-2 differ in
their p53 status (PC-3 cells are p53 null, C4-2 cells express wildtype
p53), which may affect the implications of autophagy modulation
[29]. The neutral effects of ATG4B“74A expression in the context
of docetaxel therapy are not completely unexpected. Recent com-
pound screening suggests that most microtubule inhibitors are un-
likely to induce autophagy [26], yet can interfere with the fusion of
autophagosomes with lysosomes and thus exert anti-autophagic
effects [31,32]. Therefore, reducing autophagy even further in
microtubule inhibitor exposed tumor cells may have more modest
biological consequences compared to obliterating the massive
autophagic reaction associated with topoisomerase inhibition [26].

Third, in vitro proliferation assays with doxorubicin do not pre-
dict the response to doxorubicin in vivo. In fact, the in vitro versus
in vivo response patterns of C4-2atg4b®’** compared to C4-2mstr,
and of PC-3atg4b®’#A versus PC-3mstr, were reversed. Current
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investigations are aiming at understanding these discordant find-
ings. Notably, the in vivo use of doxorubicin is associated with anti-
tumor effects that cannot be accounted for in vitro (e.g., antivascular
effects and associated metabolic stress [33]), but that may have an
impact on the role of autophagy for tumor cell survival.

Fourth, ATG4B7#" overexpression changes the growth charac-
teristics in both tumor models. The aggressive growth behavior
of C4-2atgd4b®*A is not without precedent [34] but concerning
regarding the clinical use of autophagy inhibitors, including ATG4B
inhibitors.

Our results position ATG4B inhibition as an alternative strategy
to lysosomotropic therapy. At the same time, they also point to the
challenges of clinically developing autophagy inhibitors as antican-
cer agents. To bring the right drug to the right patient at the right
time, we will need both predictive markers of response and phar-
macodynamic markers of autophagic activity. The cell models de-
scribed herein are a very promising tool to study the molecular
mechanisms of the differential responses to chemotherapy and
radiation seen, and to ultimately identify predictive markers of
response.
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