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Immunohistochemical detection of cytoplasmic
LC3 puncta in human cancer specimens
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Autophagy is an evolutionarily conserved catabolic process that involves the entrapment of cytoplasmic components
within characteristic vesicles for their delivery to and degradation within lysosomes. Alterations in autophagic signaling
are found in several human diseases including cancer. Here, we describe a validated immunohistochemical protocol for
the detection of LC3 puncta in human formalin-fixed, paraffin-embedded cancer specimens that can also be applied to
mouse tissues. In response to systemic chemotherapy, autophagy-competent mouse tumors exhibited LC3 puncta,
which did not appear in mouse cancers that had been rendered autophagy-deficient by the knockdown of Atg5 or Atg7.
As compared with normal tissues, LC3 staining was moderately to highly elevated in the large majority of human cancers
studied, albeit tumors of the same histological type tended to be highly heterogeneous in the number and intensity of
LC3 puncta per cell. Moreover, tumor-infiltrating immune cells often were highly positive for LC3. Altogether, this
protocol for LC3 staining appears suitable for the specific detection of LC3 puncta in human specimens, including tissue
microarrays. We surmise that this technique can be employed for retrospective or prospective studies involving large
series of human tumor samples.

Introduction

Although autophagy was initially described in the 1960s by De
Duve,1 this phenomenon received little attention until recently,
when a better comprehension of the genes involved in the
autophagic process, and improved methods to detect it,
contributed to an exponential increase in autophagy research.2

Autophagy is a self-catabolic process that maintains intracellular
homeostasis and prolongs cell survival under stress by allowing for
the lysosomal degradation of damaged cytoplasmic constituents
and for recycling of amino acids and energy.3 Autophagy is
orchestrated by a number of highly conserved AuTophaGy-
related genes (ATGs).4,5 In mammalian cells, double-membraned
autophagosomes develop in a multistep process from a precursor
structure called a phagophore. Autophagosomes subsequently fuse
with lysosomes to form a single-membraned vesicle called an
autolysosome.6 Alterations in the biochemical nature and
subcellular localization of Atg8/LC3 (microtubule-associated
protein 1 light chain 3) correlate with autophagy and hence
are used as surrogate markers for its quantification.7,8 Newly

synthesized LC3 is immediately cleaved at its C-terminus by the
protease ATG4 to generate the cytoplasmic form LC3-I. Under
normal conditions, when autophagy is off, LC3-I distributes
diffusely throughout the cytoplasm. However, upon induction of
autophagy, LC3 is conjugated to the lipid phosphatidylethano-
lamine by ATG7 and ATG3, resulting in its redistribution to
autophagosomal membranes.9 This form of LC3, which is called
LC3-II, is recruited via its lipid moiety to the inner and outer
surfaces of autophagosome membranes, hence forming LC3-
decorated autophagic puncta.

Over the past decade, many studies have shown that autophagy
is critically important for the survival, activation and differentia-
tion of multiple cell types, as well as for the pathogenesis of
several human diseases. Thus, deficient or excessive autophagy
has been reported to occur in, and to contribute to, healthy
and pathological aging, degenerative diseases of many organs,
inflammation, infectious disease, and cancer.10 During
malignant transformation, as well as in response to cancer
therapy, autophagy reportedly promotes either cell survival or
death.11
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Proper detection methods are therefore critical for assessing the
pathophysiological impact of autophagy. So far, autophagy has
mainly been studied in cultured cells, by following the
redistribution of GFP-LC3 fusion proteins to autophagic puncta
by fluorescence microscopy, by assessing the conversion of LC3-I
to LC3-II by immunoblotting, or by the quantification of double-
membraned autophagosomes using transmission electron micro-
scopy.7,12 A critical limitation for the in vivo detection of
autophagosomes is the lack of convenient immunohistochemical
methods applicable to common formalin-fixed, paraffin-
embedded tissues. Here, we describe a protocol for detecting
autophagic puncta in such tissues, using an antibody that
recognizes both the soluble (LC3-I) and the membrane-bound
form (LC3-II) of LC3. This method is applicable to mouse tissues
as well as to an array of human formalin-fixed, paraffin-embedded
cancer specimens.

Results

Immunohistochemistry of cancer cell lines. The reactivity of the
anti-LC3 antibody was first tested on mouse colon carcinoma
CT26 cells that were either maintained in control conditions or
stimulated to undergo autophagy by two distinct means (nutrient-
free medium and 10 mM rapamycin) for up to 8 h. To obtain
insights into the autophagic flux, these treatments were all
performed both in the absence and in the presence of the
lysosomal inhibitor bafilomycin A1 (BafA1). At the end of the
incubation, CT26 cells were washed, centrifuged, and the cellular
sediment was embedded in paraffin to generate 4 mm-thick
sections. The number of cytoplasmic LC3+ puncta/cell, indicative
of the conversion of LC3-I into LC3-II, increased in a time-
dependent manner following the shift to nutrient-free medium as
well as in response to rapamycin (but not in control conditions)
(Fig. 1A and B). The presence of BafA1 further increased the
amount of cytoplasmic LC3+ dots (Fig. 1A and B), demonstrating
that our method can provide an appropriate overlook on the
autophagic flux. To compare our technique to conventional
approaches for the detection of autophagy, we took advantage of
CT26 cells stably expressing a GFP-LC3 chimera. In response to
pro-autophagic triggers, these cells exhibit green cytoplasmic dots
that can be easily quantified by confocal fluorescence microscopy.7

The data sets obtained by immunohistochemistry (Fig. 1B) and
fluorescence microscopy (Fig. S2A and S2B) correlated with each
other with an R2 . 0.87, suggesting that the performance of our
immunohistochemical method is non-inferior to that of widely
accepted techniques for monitoring autophagy. Of note, when the

LC3-targeting antibody was replaced by an isotype matched non-
specific IgG, both control and autophagic cells remained
unstained, confirming the specificity of our immunohistochemical
approach (Fig. S1).

To provide additional insights into the selectivity of our
method, we took advantage of CT26 cells stably expressing
shRNAs against the essential autophagic regulators Atg5 and Atg7
(Fig. S2C). At odds with their control counterparts (SCR cells),
Atg5KD and Atg7KD cells are unable to convert LC3-I into LC3-II
in response to pro-autophagic triggers,13 including rapamycin and
mitoxantrone (MTX) (Fig. S2C). In line with this notion, SCR,
but not Atg5KD and Atg7KD, CT26 cells responded to rapamycin
by accumulating cytoplasmic LC3+ dots, which could be
detected with comparable results by immunohistochemistry
(Fig. 1C and D) or indirect immunofluorescence microscopy
(Fig. S2D and S2E).

Immunohistochemistry of mice tumors. To validate LC3 as a
potential biomarker for in situ autophagosome formation in
cancer cells, we inoculated mice SCR, Atg5KD or Atg7KD colon
carcinoma CT26 or fibrosarcoma MCA205 tumor cells. Mice
were then either left untreated or treated with MTX. In contrast
to autophagy-competent cancers, LC3 puncta were not observed
in tumors derived from Atg5KD or Atg7KD cells (Fig. 2A and B).
These results suggest that our protocol does allow for the accurate
monitoring of autophagy in preclinical murine models.

Immunohistochemistry of tissue microarrays derived from
normal and neoplastic human tissues. To evaluate the validity of
our approach on several, distinct human tissues, we took
advantage of tissue microarrays containing 18 different types of
nonmalignant tissues, as well as invasive or metastatic specimens
from 31 different types of human cancer. This tissue microarray
was processed for the immunohistochemical detection of LC3,
and the intensity and subcellular distribution of the staining was
assessed by a trained histologist (SL). Similar to cellular samples
(Fig. S1), tissue sections remained unstained when the anti-LC3
antibody was substituted by an isotype-matched nonspecific IgG,
further corroborating the specificity of our immunohistochemical
method (Fig. S3).

Staining often (but not always) was rather homogenous across
tissue sections. Except for cerebral and placental tissue, LC3
staining of noncancerous sections was generally weak as compared
with histologically matched tumor specimens (Figs. 3, 4 and 5).
However, LC3 puncta were never seen in nonmalignant tissues,
with the notable exception of a few neuronal cell bodies present in
the cerebral cortex or hippocampus (Fig. 3G and H). The LC3-
specific signal was predominantly localized in the cytoplasm, and

Figure 1 (See opposite page). LC3 staining in cultured cells. (A and B) Mouse colon carcinoma CT26 cells were left untreated (Co), treated with
10 mM rapamycin (Rapa) or maintained in nutrient-free (NF) conditions, in the absence or in the presence of 1 mg/mL bafilomycin A1 (BafA1) for
the indicated time. (C and D) Alternatively, CT26 cells expressing a control shRNA (SCR cells) as well as cells expressing Atg5- (Atg5KD) or Atg7-specific
(Atg7KD) shRNAs were maintained in control conditions or administered with 1 mg/mL Rapa for 8 h. After stimulation, cells were processed for
the immunohistochemical detection of LC3. Representative images (A and C) and quantitative data (B and D) are shown. Scale bars: 10 or 30 mm,
as indicated. In (B and D), columns depict the number of LC3+ cytoplasmic dots/cell. Data are presented as means ± SEM (n = 3; *p , 0.05, **p , 0.001,
Student’s t-test, compared with WT or SCR cells maintained in control conditions; #p , 0.05, ##p , 0.001, Student’s t-test, as compared with WT
or SCR cells treated with the same autophagic trigger in the absence of BafA1).
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Figure 1. For figure legend, see page 1176.
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appeared to be weak in 37% and strong (though without LC3
puncta) in 47% of nonmalignant tissues (Table S1).

In tumor samples, the presence of LC3 puncta was observed in
the context of strong cytoplasmic staining. LC3 staining was
strong without (29% of cases) or with (45% of cases) LC3 puncta
in the large majority of human tumors. Of note, although LC3
puncta could be detected in the majority of tumor samples
(Fig. 6A and C; Fig. S4A and S4B), a significant fraction of
tumors (26%) only exhibited a weak LC3 staining, in the absence
of detectable LC3 puncta (Fig. 4B, D, F and H; Fig. 6B and D;
Fig. S4C and Fig. S5G). Moreover, specimens from histologically
similar tumors (representative results for three different lung
adenocarcinomas and three different breast adenocarcinomas
are shown in Fig. 4A–C and 4D–F, respectively) exhibited a
heterogeneous intensity of staining. Frequently, immune cells that
infiltrated normal or cancer tissues exhibited a strong cytoplasmic
LC3 staining (Fig. S6).

Immunohistochemistry of formalin-fixed, paraffin-embedded
breast carcinoma specimens. In a further attempt to demonstrate
the applicability of our staining procedure, tumor blocks from 95
patients treated for localized breast cancer were retrieved from the
archives of the Department of Pathology of the Institut Gustave

Roussy (Villejuif, France), and 4 mm-thick slides were stained for
the visualization of LC3. LC3 was detected in most, if not all, the
95 specimens, at least in some stromal elements, though with
distinct staining patterns in cancer cells. Twenty-three (24%)
cancers exhibited negative or weak staining (Fig. 7A). Forty-one
(43%) cancers exhibited significant diffuse cytoplasmic staining
without puncta (Fig. 7B). Finally, in 31 tumors (33%) LC3
puncta were detectable in the majority of the tumor cells (Fig. 7C
and D). Importantly, normal breast tissues failed to stain
positively for LC3 (0.81 ± 0.17 LC3+ cytoplasmic dots/cell, as
quantified among 15–20 cells in n = 5 independent samples),
contrasting with adjacent cancer cells that often exhibited a diffuse
or punctate LC3 staining pattern (in the latter case, 7.89 ± 0.64
LC3+ cytoplasmic dots/cell, as quantified among 15–20 cells in
n = 5 independent samples) (Fig. 7D).

Discussion

The assessment of autophagy in tissues is mostly based on
the detection of autophagosomes using transmission electron
microscopy (TEM),14,15 a technique that is laborious and requires
considerable expertise, especially at the level of image analysis.

Figure 2. LC3 staining in situ, in preclinical tumor models. (A and B) Murine colon carcinoma CT26 (A, left panel) or murine fibrosarcoma MCA205 cells
(B, left panel) expressing a control shRNA (SCR cells), as well as their Atg5- (middle panels) or Atg7-knockdown (right panels) derivatives, were allowed to
grow in vivo in syngenic mice until tumors reached a surface area of 40–80 mm2. Mice were then treated with systemic mitoxantrone (MTX) for 2 d,
followed by tumor recovery and processing for the immunohistochemical detection of LC3. Representative images are shown. Scale bars: 10 or 30 mm,
as indicated.
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Thus, various cytoplasmic structures have been misidentified as
autophagic vacuoles in the recent literature, most likely because of
the lack of morphological expertise to correctly interpret TEM
images.7 Moreover, artifacts can be generated during fixation and
staining procedures, and other organelles such as the endoplasmic
reticulum can swell in stressed or dying cells, leading to an
autophagy-unrelated cytoplasmic vacuolization.7 Immunoelectron
microscopy using antibodies against autophagosomal proteins can
improve the detection of autophagosomes,8,16 but this method is
particularly cumbersome. In preclinical models, quantification of
GFP-LC3 puncta by fluorescence microscopy in GFP-LC3-
transfected cells and the immunoblotting-based detection of the
conversion of LC3-I to LC3-II have been widely used.2,7,17,18

However, despite numerous preclinical studies suggesting that the

pharmacological modulation of autophagy might be useful in
cancer treatment,13,19-22 the clinical implications of elevated or
suppressed autophagy in human malignancies remains largely
unknown. Hence, a convenient method for detecting endogenous
LC3 puncta that is applicable to paraffin-embedded human
tissues may constitute a decisive advantage.

In mammals, LC3 is expressed as 3 isoforms: A, B and C. Here,
we used an antibody that was generated against the N-terminus of
human LC3B to investigate the expression and subcellular
localization of LC3B in human or mouse cancer cells. We gave
preference to LC3B due to its broad tissue specificity and its
previous characterization as an autophagosome marker in
cancer.7,23,24 Nonetheless, to obtain a complete picture of the
formation of autophagic vacuoles in tissues, it might be important

Figure 3. Representative LC3 staining patterns in nonmalignant tissues. Tissue microarrays encompassing distinct normal tissues were stained for
the immunohistochemical detection of LC3, as detailed in Materials and Methods. Representative images are reported: (A) colon, (B) prostate,
(C) placenta, (D) thyroid gland, (E) kidney, (F) liver, (G) cerebral cortex, (H) hippocampus and (I) detail of the weak diffuse cytoplasmic staining observed
in normal hepatocytes. Scale bar: 10 or 60 mm, as indicated.
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to establish similar protocols as the one described herein for the
detection of additional LC3 isoforms or more distant members of
the LC3 family (such as the c-aminobutyric acid receptor-
associated protein, GABARAP, and the Golgi-associated ATPase
enhancer of 16 kDa, GATE-16).

Relatively little is known about autophagy levels in healthy (or
at least nonmalignant) human tissues. In our study, many non-
neoplastic cells, notably colon and placental cells, harbored a
weak LC3 staining, confirming previous studies on these
organs.25-27 In kidneys, we observed a diffuse staining in the
epithelial lining of tubules and glands, consistent with the
physiological role of autophagy in renal function.28 Although
tumor cells tended to stain more intensely for LC3 than normal
cells, it should be noted that normal immune cells, stromal

fibroblasts or tumor infiltrating lymphocytes (TILs) could be
strongly positive for LC3, rendering it difficult to distinguish
normal stromal cells from cancer cells with a fibroblastoid or
lymphoid morphology. Thus, LC3 immunostaining cannot be
used as the sole criterion to distinguish malignant from non-
malignant cells. As it was previously described for colorectal
cancer,26 we found that breast tumor cells tend to express higher
LC3 levels than the adjacent, nonmalignant parenchyma.
Moreover, LC3 puncta were generally absent from nontrans-
formed breast epithelia. These staining patterns were comparable
to those previously described in breast carcinoma.29 However, the
prognostic or predictive value of LC3 expression remains
controversial13,29,30 and requires further studies on large patient
cohorts.

Figure 4. Representative LC3 staining patterns in malignant tissues. Tissue microarrays encompassing distinct neoplastic tissues were stained for
the immunohistochemical detection of LC3, as detailed in Materials and Methods. Representative images are reported: (A–C) lung adenocarcinomas,
(D–F) breast adenocarcinomas, (G) hepatocellular carcinoma, (H) testicular seminoma and (I) melanoma. Scale bar: 60 mm.
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Figure 5. Representative LC3 staining patterns in CNS tumors. Tissue microarrays encompassing distinct CNS tumors were stained for the immunohistochemical
detection of LC3, as detailed in Materials and Methods. Representative images are reported: (A and B) glioblastoma, (C and D) oligodendroglioma and
(E–G) medulloblastoma. Scale bar: 60 mm.

Figure 6. Representative LC3 staining patterns in melanoma. Tissue microarrays encompassing distinct melanoma samples were stained for
the immunohistochemical detection of LC3, as detailed in Materials and Methods. Representative images are reported. Scale bars: 10 or 30 mm, as indicated.
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Materials and Methods

Chemicals, cell lines and culture conditions. Unless otherwise
indicated, media, antibiotics and supplements for cell culture were
purchased from Gibco-Invitrogen, plasticware from Corning Life
Sciences, and chemicals from Sigma-Aldrich. Bafilomycin A1

(1334) and rapamycin (1292) were purchased from Tocris, G418
sulfate (345810) from Calbiochem, puromycin (ant-pr-1) and
zeocin (ant-zn-5) from Invivogen. Murine colon carcinoma CT26
cells (class I MHC haplotype H-2d, syngenic to BALB/c mice),
murine fibrosarcoma MCA205 cells (class I MHC haplotype
H-2b, syngenic for C57BL/6 mice) and their derivatives were
cultured in RPMI 1640 medium supplemented with 10% heat-
inactivated fetal bovine serum, 10 mM HEPES buffer, 10 U/mL
penicillin sodium and 10 mg/mL streptomycin sulfate. CT26 cells
stably expressing a green fluorescent protein (GFP)-LC3
chimera,31 were maintained in the presence of 500 mg/mL G148.

To obtain autophagy-deficient CT26 and MCA205 cells, a set
of plasmids encoding short-hairpin RNAs (shRNAs) specific for
murine Atg5 (TR500113) and Atg7 (TR504956) plus a control
shRNA were obtained from OriGene. These plasmids were used

to generate control cells (SCR), as well as cells stably depleted of
Atg5 (Atg5KD) and Atg7 (Atg7KD). Atg5KD or Atg7KD CT26 and
MCA205 cells were maintained under 10 or 5 mg/mL puromycin
selection, respectively.

Immunoblotting. Five � 105 cells were washed in PBS and
subjected to lysis following established protocols.32,33 Forty to
50 mg of proteins were separated according to molecular weight
on NuPAGE Novex Bis-Tris 4–12% pre-cast gels (Invitrogen,
NP0323BOX) and electrotransferred to PVDF membranes (Bio-
Rad, 162-0177). Unspecific binding was blocked with 5% non-
fat milk in 0.1% Tween20 for 1 h, followed by overnight
incubation at 4°C with primary antibodies specific for the
following proteins: β-actin (Millipore, MAB1501), ATG5
(Sigma-Aldrich, A0731), ATG7 (Sigma-Aldrich, A2856) and
LC3B (Cell Signaling Technology, 2775). Primary antibodies
were revealed with appropriate horseradish peroxidase-labeled
conjugates (Southern Biotechnologies Associates, 4050-05 or
1031-05) and the SuperSignal West Pico chemoluminescent
substrate (Thermo Fisher Scientific, PI-34078).

Immunofluorescence. Cells growing on coverslips were fixed in
4% PFA for 15 min at room temperature, and then permeabilized

Figure 7. Representative LC3 staining patterns in breast adenocarcinoma: (A–D) breast adenocarcinoma tissues were stained for the immunohistochemical
detection of LC3, as detailed in Materials and Methods. Representative staining patterns are reported: (A) absent expression, (B) diffuse cytoplasmic
distribution, (C) LC3 puncta (white arrows) and (D) absent expression in normal breast cells (red arrowhead) + LC3 puncta in malignant cells (red arrows).
Scale bar: 30 mm.
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with 0.1% TritonX-100 for 10 min.34 Unspecific binding was
blocked with 5% bovine serum in PBS, followed by staining
with a primary antibody specific for LC3B (MBL International,
M152-3) overnight at 4°C. Revelation was performed with an
AlexaFluor1-488 conjugate (Molecular Probes-Invitrogen,
A-11029). Nuclear counterstaining was obtained with 10 mM
Hoechst 33342 (Molecular Probes-Invitrogen, H1399).
Fluorescence microscopy images were acquired either on an
LSM 510 microscope (Carl Zeiss) equipped with a DC300F
camera or on a BD pathway 855 automated microscope (BD
Imaging Systems) equipped with a 40� objective (Olympus)
coupled to a robotized Twister II plate handler (Caliper Life
Sciences). Images were analyzed for the presence of cytoplasmic
GFP-LC3+ or LC3+ puncta by means of the BD Attovision
software (BD Imaging Systems).

Immunohistochemical staining of human samples. Immuno-
histochemical staining of human cancer tissue sections was
performed using the Novolink Kit (Menarini Diagnostics,
RE7140-K). Briefly, 4 mm-thick formalin-fixed, paraffin-
embedded tissue sections were deparaffinized with 3 successive
passages through xylene, and rehydrated through decreasing
concentrations (100%, 95%, 80%, 70% and 50%) of ethanol.
Antigen retrieval was performed by heating slides for 30 min in
pH 6.0 citrate buffer at 95°C. Slides were then allowed to cool at
room temperature for 45 min, mounted on Shandon Sequenza
coverplates (Thermo Fisher Scientific, 72-199-50) in distilled
water, and then washed twice for 5 min with 0.1% Tween 20 (v/v
in PBS). Thereafter, sections were incubated for 5 min with the
Peroxidase Block reagent, and subsequently washed twice for
5 min with 0.1% Tween 20 (v/v in PBS). Following incubation
for 5 min at room temperature with the Protein Block reagent,
tissue sections were washed twice for 5 min with 0.1% Tween
20 (v/v in PBS), and then incubated overnight at 4°C with a
primary antibody specific for LC3B (clone 5F10, from Nanotools,
0231-100), or with an isotype-matched IgG1 (R&D Systems,
MAB002), both dissolved in 1% bovine serum albumin (w/v in
TBS) at the final concentration of 25 mg/mL. The 5F10 antibody
recognizes both the soluble (LC3-I) and the membrane-bound
form (LC3-II) of LC3B. After two washes in 0.1% Tween 20 (v/v
in PBS), sections were incubated for 30 min with the Post
Primary Block reagent, washed again as before and incubated for
30 min with the horseradish peroxidase-coupled Polymer
secondary antibodies. Upon two additional washes, secondary
antibodies were revealed with the liquid DAB Substrate
Chromogen system (10 min incubation). Finally, slides were
washed in distilled water, and counterstained with hematoxylin.

Immunohistochemical staining of mouse tissues and pelleted
cells. Immunohistochemical staining of (murine) tissue sections and
(human or murine) pelleted cells was performed as above, with
minimal variations. In particular, slides were incubated for 20 min
with the MOM Blocker IgG Mouse reagent (2%, v/v in 0.1%

Tween 20 in PBS) after the passage in the Protein Block reagent,
followed by 2 washes in 0.1% Tween 20 in PBS and incubation for
1 h with the anti-LC3 antibody (or with an isotype-matched IgG1),
used at the final concentration of 1 mg/mL.

Chemotherapy of established tumors in mice. Animals were
maintained in specific pathogen-free conditions, and experiments
followed the Federation of European Laboratory Animal Science
Association (FELASA) guidelines. Animal experiments were
approved by the local Ethics Committee (CEEA IRCIV / IGR
n°26, registered with the French Ministry of Research) and were
in compliance with the EU 63/2010 directive. Animals were used
between 6 and 20 weeks of age and those bearing tumors
exceeding 20–25% body mass were euthanatized. BALB/c
(H-2d), C57BL/6 (H-2b) mice were obtained from Janvier
or Harlan. BALB/c mice were subcutaneously inoculated with
5 � 105 SCR, Atg5KD or Atg7KD CT26 cells. C57BL/6 mice were
inoculated with 2 � 105 SCR, Atg5KD or Atg7KD MCA205 cells.
When tumor size reached 40–80 mm2, mice were treated
intraperitoneally with 5.17 mg/kg MTX in 200 mL sterile PBS.

Construction of tissue microarrays (TMAs). Formalin-fixed
paraffin-embedded (FFPE) tissue blocks were retrieved from the
archives of the Department of Pathology of the Institut Gustave
Roussy (Villejuif, France). Hematoxylin/eosin-stained slides from
each block were reviewed by a pathologist (FA) to identify tumor
areas. TMAs were constructed with 0.6 mm diameter tissue cores
from representative tumor areas from FFPE blocks. Cores were
transferred to a paraffin block using a semi-automated tissue array
instrument (Alphelys). Triplicate tissue cores were taken from
each specimen, resulting in a composite TMA block containing
cores from 31 different tumor specimens. Control tissues from
lung, liver, placenta, colon, skin, thyroid, brain, lymph nodes and
kidney were also included. Multiple 4 mm-thick sections were cut
for hematoxylin and immunohistochemical staining.
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