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Type |l interferons induce autophagy
in certain human cancer cell lines
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Abbreviations: ACTB, actin, beta; AKT, v-akt murine thymoma viral oncogene homolog (also known as protein kinase B);
IFN, interferon; TGFB/TGEF, transforming growth factor beta; TEM, transmission electron microscopy; MTOR, mechanistic
target of rapamycin, (serine/threonine kinase); MTORCI1, MTOR complex 1 (composed of MTOR, RPTOR (regulatory-
associated protein of MTOR, complex 1); MLST8, MTOR-associated protein, LST8 homolog (S. cerevisiae); AKT1S1, AKT1
substrate 1 (proline-rich)/PRAS40, proline-rich AKT1 substrate 1, 40 kDa, and DEPTOR, DEP domain containing MTOR-
interacting protein; MAP1LC3 (LC3), microtubule-associated protein 1 light chain 3; ATG, autophagy-related;
SQSTMI (p62), sequestosome 1 (a ubiquitin-binding scaffold protein); EIF4EBP1, eukaryotic translation initiation factor 4E
binding protein 1 (a translation repressor protein); MAPK1 (ERK2), mitogen-activated protein kinase 1 (also known as p42
MAPK); MAPK3 (ERK1), mitogen-activated protein kinase 3 (also known as p44 MAPK); MAPKS, mitogen-activated protein
kinase 8 (also known as JNK1); MAPK9, mitogen-activated protein kinase 9 (also known as JNK2); MAPK14, mitogen-activated
protein kinase 14 (also known as p38 MAP kinase alpha); RPS6 (S6), ribosomal protein S6; RPS6KB, ribosomal protein S6 kinase,
70 kDa; EIF4B, eukaryotic translation initiation factor 4B; ER, endoplasmic reticulum; MAP, mitogen activated protein; PI3K,
phosphatidylinositol-4,5-bisphosphate 3-kinase; ISGs, IFN-stimulated genes; JAK1, Janus kinase 1; TYK2, tyrosine kinase 2;
STAT, signal transducer and activator of transcription; IFNAR2, interferon (alpha, beta and omega) receptor 2;

AAF, autophagy activity factor; TLR, toll-like receptor; MHC, major histocompatibility complex; ISGF3, IFN-stimulated gene
factor 3, heterotrimeric complex; IRF7, IFN regulatory factor 7; IRF9, IEN regulatory factor 9; ISREs, IFN-stimulated response
elements; IRS, insulin receptor substrate

Autophagy is an evolutionarily conserved cellular recycling mechanism that occurs at a basal level in all cells. It can be
further induced by various stimuli including starvation, hypoxia, and treatment with cytokines such as IFNG/IFN-y and
TGFB/TGFB. Type | IFNs are proteins that induce an antiviral state in cells. They also have antiproliferative, proapoptotic
and immunomodulatory activities. We investigated whether type | IFN can also induce autophagy in multiple human
cell lines. We found that treatment with IFNA2c/IFNa2c and IFNB/IFNB induces autophagy by 24 h in Daudi B cells,
as indicated by an increase of autophagy markers MAP1LC3-Il, ATG12-ATG5 complexes, and a decrease of SQSTM1
expression. An increase of MAP1LC3-Il was also detected 48 h post-IFNA2c treatment in HeLa S3, MDA-MB-231, T98G and
A549 cell lines. The presence of autophagosomes in selected cell lines exposed to type | IFN was confirmed by electron
microscopy analysis. Increased expression of autophagy markers correlated with inhibition of MTORC1 in Daudi cells, as
well as inhibition of cancer cell proliferation and changes in cell cycle progression. Concomitant blockade of either MTOR
or PI3K-AKT signaling in Daudi and T98G cells treated with IFNA2c increased the level of MAPTLC3-Il, indicating that the
PI3K-AKT-MTORCT signaling pathway may modulate IFN-induced autophagy in these cells. Taken together, our findings
demonstrated a novel function of type | IFN as an inducer of autophagy in multiple cell lines.

Introduction immunomodulatory functions."* These activities have been

demonstrated on different cell lines.** Human Burkitt

Type 1 interferons (IFNs) are a pleiotropic family of lymphoma Daudi cells are highly sensitive to antiproliferative
cytokines with known antiviral, antiproliferative and and antiviral function of IFN®°¢ and exhibit a prolonged
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Here, we report for the first time that human type I

IFNs induce autophagy in Daudi lymphoma cells as

detected by changes in the expression of critical autophagy

basal MAP1LC3-Il, and the numbers are shown below the MAP1LC3 lanes.

Figure 1. Autophagy markers in IFN-treated Daudi cells. Lane: (1) Molecular
weight marker; (2) negative control (NC), untreated cells, 6 h; (3) IFNA2c (3.6 ng/
mL), 6 h; (4) IFNB (3.6 ng/mL), 6 h; (5) NC 24 h; (6) IFNA2c (3.6 ng/mL), 24 h; (7)
IFNB (3.6 ng/mL), 24 h; (8) NC 48 h; (9) IFNA2c (3.6 ng/mL) 48 h; (10) IFNB (3.6 ng/
mL), 48 h; (11) IFNA2c (3.6 ng/mL) 48 h + anti-IFNAR2 - mAb A10; (12) IFNB (3.6
ng/mL) 48 h + anti-IFNAR2 — mAb A10. Data are representative of three individ-
ual experiments. Ratios of MAP1LC3 were calculated as the division of the ratio
of induced MAP1LC3-I to induced MAP1LC3-II by the ratio of basal MAP1LC3-I to

markers (MAPILC3-1I, ATGI2-ATG5, SQSTMI1),
after 24 h treatment. We also detected increased levels of
MAPILC3-II 48 h post IFNA2c¢ treatment in Hela S3,
MDA-MB-231, T98G and A549 cell lines. Autophagy
markers were detected by western blot, and morphologi-
cal changes associated with autophagy were confirmed
using TEM. Moreover, we show that IFN-induced auto-
phagy correlated with inhibition of MTORCI activity

biological response to IFN mediated by the continuous
transcription of ISGs.

Although most IFN activities are due to activation of JAK-
STAT signaling pathways, there is increasing evidence that MAP
kinase signaling pathways play an important role in activation
of IFN-regulated genes.*’ Additionally, several studies demon-
strate that type I and type II IFNs can modulate the PI3K-AKT-
MTOR signaling pathway.'*!!

Autophagy is an evolutionarily conserved cellular process that
mediates degradation of intracellular material. There are three
types of autophagy: chaperone-mediated autophagy, microau-
tophagy and macroautophagy, the latter in the context of this
paper referred to as autophagy.'? During autophagy, cytoplas-
mic constituents including protein aggregates and organelles,
are first sequestered in a double-membraned phagophore. Once
the double membrane fuses and the autophagosome matures,
it is transported along tubulin tracks to a perinuclear location,
fusing with a lysosome. This generates an autolysosomal struc-
ture capable of degrading its contents.””'* A low basal level of
autophagy occurs in all cells, playing a role in maintenance of
homeostasis, defense against intracellular pathogens, and MHC
class IT antigen presentation.'*' Autophagy increases under vari-
ous stressful conditions including starvation, hypoxia, genomic
and ER stress.”? Thus, autophagy is predominantly a cell sur-
vival mechanism.” Autophagy can be monitored by detection
of relevant autophagy markers such as MAPILC3 processing.
MAPILC3 is a cytosolic protein which is cleaved by ATG4
and then conjugated to phosphatidylethanolamine, creating an
identifiable form (MAPI1LC3-II) which closely correlates with

16

formation of autophagosomes.'® Autophagy is also marked by
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in Daudi cells. Indeed, interfering with the PI3K-AKT-
MTORCI signaling axis using pharmacological inhibitors and
siRNA further enhanced IFN-induced autophagy. Importantly,
IFN-induced autophagy also correlated with cell cycle perturba-
tion and inhibition of cellular proliferation in Daudi, HeLaS3,
MDA-MB-231, T98G and A549. Thus, we provided evidence for
a previously unrecognized function of type I IFN in autophagy
induction.

Given the importance of autophagy in cancer as well as its role
in both the pathogenesis and response to infectious and neuro-
degenerative diseases,* our findings about the ability of type I
IFN to regulate autophagy are of substantial clinical importance.

Results

Autophagy markers are detected in multiple human cell types
after treatment with type I IFNs. To determine whether type I
IFNs induce autophagy, Daudi cells were treated with 3.6 ng/mL
(approximately 700 IU/mL) IFNA2c¢ or IFNB for 6, 24 and 48
h. We observed increased levels of MAP1LC3-II in IFN-treated
cells compared with mock-treated cells at 24 and 48 h (Fig. 1,
ratios of MAP1LC3 were calculated as division of the ratio of
induced MAPILC3-I to induced MAPILC3-II by the ratio of
basal MAP1LC3-I to basal MAP1LC3-II. Numbers are shown
below MAPILC3 lanes). Furthermore, western blot analyses
revealed increased formation of ATG12-ATGS5 complexes at 24
and 48 h (Fig. 1), and a decrease of SQSTM1 at 48 h (Fig. 1, lanes
9, 10) in IFN-treated cells, which is consistent with the induc-
tion of autophagy. Changes in the levels of autophagy markers
were even more pronounced at 48 h, correlating with inhibition
of proliferation (Table 1), and the accumulation of Daudi cells in
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Table 1. Effects of IFNA2c on cell cycle, induction of autophagy and inhibition of proliferation

Cell cycle analysis (% of total cells)

Cell line
Apoptotic G,/G, S
Daudi 01+01  426+25 20210
Daudi + IFNA2c 06+10  539+38  153%30
E. T98G 55+19  502+77  224%30
& T98G + IFNA2C 57+53  619+148  143%6.0
MDA-MB-231 13+03 46055  19.8+23
MDA-MB-231 +[FNA2c  1.1+0.6  62.8+127  175+3.0
Hela S3 16+14  533+62  202%17
HeLa S3 + IFNA2C 09+ 1.1 377+76 33766
g BJAB 03+04 512108 24668
s BJAB + IFNA2c 09+14  308+82  425+126
A549 09+04  567+38 20410
A549 + IFNA2C 04+02 38353  266+6.5
m U937 22+20  536+35  239+16
3

G U937 + IFNA2C 21£14 491492  281%16

Autophagy activity factor ~ Growth inhibition (%)

Gz/M (AAF) (mean £ SD) (mean % SD)

24.8+2.8

27.8 + 8.8 66 + 15%*
14.0+6.4
143+1.4

27.7 £9.5 30 + 8**
69+ 1.6
229+2.6

9.5+2.1 23 & 5¥**
18.2+ 1.8
16.9 £ 1.6

27.6 +3.6 54 + 11***
204+49
17.8+10.3

53+14 42 + 5%*
13.8+2.0
16.6 +9.4

10.5+0.7 24 + 7%
17.8+2.6
179 £ 2.1

8.7+5.3 8+6ns
17.7 £ 4.2

Different cell lines were incubated in the presence or absence of IFNA2c (3.6 ng/mL) for 48 h. To study changes in cell cycle, cells were stained with
propidium iodide (PI), and signals were measured using a Cellometer image-based cytometer. To measure autophagic signals in living cells, Cellometer
image-based cytometry in combination with Cyto-ID Green dye was used. To determine inhibition of proliferation, cell numbers were counted using
Cellometer image-based cytometer in combination with Trypan Blue staining. Phase populations were reported as Apoptotic, G /G, S- or G,/M-phase.
Data shown are averages of three individual experiments, + SD of experimental replicates. For inhibition of proliferation, we determined two-tailed

p values by using a paired t-test that compared each treatment group relative to untreated control. Statistical significance was reported as follows:

*p < 0.05 (significant); **p < 0.01 (very significant); ***p < 0.001 (extremely significant); ns: p > 0.05 (not significant).

the G, phase of the cell cycle (Table 1). Cleavage of MAP1LC3-1
to MAP1LC3-I1, and an increase in formation of ATG12—-ATG5
complexes, as well as the decrease of SQSTM1 were blocked in
IFN-treated Daudi cells that were simultaneously treated with
anti-IFNAR2 monoclonal antibody (A10), demonstrating that
induction of autophagy is due to treatment with IFN (Fig. 1). In
addition to time course experiments, treatment of Daudi cells for
48 h with different doses of IFNA2c increased the levels of auto-
phagy markers in a concentration-dependent manner (Fig. S1).

To confirm that the observed effect is due to treatment with
IFN and not the presence of secondary intermediates, Daudi
cells were cultured in media from mock-treated Daudi cells or
cells treated with IFNA2c for 24 h in the presence or absence
of anti-IFNAR2 monoclonal antibody A10. An increase of
MAPILC3-II was only observed in cells cultured in media that
contained IFNA2c (Fig. 2A), and this increase was blocked by
anti-IFNAR2-mAb A10. The ability of IFNA2c to induce auto-
phagy was also tested in STAT2-defective Daudi cells, a mutant
cell line that is highly resistant to antiviral and antiproliferative
activities of type I IFN.” When STAT2-defective Daudi cells
were treated with IFNA2c, no increase of MAP1LC3-II and a
decrease in SQSTMI was observed (Fig. 2B). Sensitivity of this
cell line to type I IFN was previously demonstrated by detection
of p-STAT1,% and our results support that observation (Fig. 2B).
Thus, our findings demonstrate that autophagy is a direct result
of IFN signaling (Fig. 2B), and STAT?2 may play a role in IFN-
induced autophagy.

www.landesbioscience.com

We next asked whether type I IFN-induced autophagy was
exclusive to Daudi cells, or if it can be induced in other cell lines.
To answer this question, we screened several different cancer cell
lines—BJAB, U937, MDA-MB-231, T98G, HeLa S3 and A549—
for their ability to induce autophagy upon type I IFN treatment.
We observed an increase of MAP1LC3-II in MDA-MB-231,
T98G, Hela S3 and A549 cells 48 h post IFNA2c treatment
(Fig. 3). However, the expression of SQSTMI1, ATG12-ATG5
complexes and ATG5 remained unchanged, with the exception
of A549, where we observed a decrease in the level of ATGS.
Interestingly, we observed differences in the level of SQSTM1
among different cell types. These changes were independent
of IFN treatment (Fig. 3). A high level of SQSTMI1 had been
described in several tumor types and can be associated with dys-
function of Ras.?® Further studies will be required to explain the
higher levels of SQSTMI1 in various cancer cell types.

To confirm our western blot results, we labeled cells using a
Cyto-ID Green dye to preferentially label autophagic vacuoles,
and quantified this signal using a Cellometer image-based cytom-
eter. Results showed an increase in autophagy activity factor
(AAF) in all tested cell lines in response to IFNA2c, however the
highest AAF values were calculated for Daudi, T98G and Hela
S3 (Table 1). Sensitivity of cell lines to type I IFN was demon-
strated based on detection of p-STAT1 and p-STAT2 by western
blot (WB). Alcthough the levels of detected signal vary between
cell lines, all tested cell lines showed sensitivity to IFNA2c. In
U937 cells, STAT2 was below the level of detection (Fig. S2).
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Figure 2. IFNA2c induced autophagy in Daudi cells, but not in STAT2-deficient Daudi. (A) Direct effect
of IFNA2c on induction of autophagy. Daudi cells were cultured for 24 h in supernatants from either
mock-treated Daudi cells or cells treated with 0.36 ng/mL of IFNA2c for 24 h in the presence or absence
of anti-IFNAR2-mAb A10. Lanes: (1) molecular weight marker; (2) negative control, cells plus superna-
tant from mock-treated cells; (3) negative control, cells plus supernatant from mock-treated cells and
anti-IFNAR2 - mAb A10; (4) cells plus supernatant from IFNA2c-treated cells; (5) cells plus supernatant
from IFNA2c-treated cells and anti-IFNAR2 - mAb. Data are representative of two individual experi-
ments. Ratios of MAP1LC3 were calculated as the division of the ratio of induced MAP1LC3-I to induced
MAP1LC3-II by the ratio of basal MAP1LC3-I to basal MAP1LC3-II, and the numbers are shown below
MAP1LC3 lanes. (B) Detection of MAP1LC3-I and MAP1LC3-Il, SQSTM1, p-STAT1, p-STAT2, p-RPS6 after
48 h treatment of STAT2-defective mutant Daudi cells with IFNA2c. STAT2-defective mutant Daudi
cells were incubated with or without IFNA2c for 48 h. Lanes: (1) molecular weight marker; (2) nega-

tive control, untreated cells; (3) IFNA2c (3.6 ng/mL). Data are representative of two individual experi-
ments. Ratios of MAP1LC3 were calculated as the division of the ratio of induced MAP1LC3-I to induced
MAP1LC3-II by the ratio of basal MAP1LC3-I to basal MAP1LC3-Il, and the numbers are shown below the

autophagic flux (the complete pro-
cess of autophagy that includes the
delivery of cytosolic materials to
lysosomes™), or merely an accumu-
lation of nonfunctional autophagic
machinery, we treated Daudi cells
with  bafilomycin A, (V-ATPase
inhibitor), which prevents matura-

tion of autophagic vacuoles®"%*

under
nutrient-rich or starvation conditions.
Treatment with bafilomycin A inhib-
ited degradation of MAPILC3-II

associated with autolysosome activ-
ity, resulting in accumulation of

Demonstration of type I IFN induced autophagy by TEM.
To confirm that our observations of MAP1LC3 processing and
ATGI12-ATGS induction were truly indicative of autophagy,
Daudi cells treated with 3.6 ng/mL of IFNA2c or IFNB were
analyzed by TEM for evidence of autophagy (Figs. 4 and 5).
Following treatment, IFNA2c-treated Daudi cells exhibited
morphological changes consistent with autophagy as previously
reported.”?’ Representing early stages of autophagy, double-
membrane structures were frequently observed in association with
several degrading organelles, including mitochondria as visual-
ized in Figures 4B—G (arrows) compared with typical untreated
controls (Fig. 4A). Mature autophagosomes containing electron
dense regions were also observed (Fig. 4C—E, arrowheads) sug-
gesting that these autophagosomes were actively degrading their
contents.

Likewise, IFNB-treated Daudi cells exhibited similar struc-
tures (Fig. 5B—F) with tight association between SER and
mitochondria (arrows) and evidence of mature autophagosomes
compared with typical untreated control specimens (Fig. 5A).
Interestingly, as shown in the insets in Figure 4F and Figure

686 Autophagy

MAPILC3-II under both nutrient-

rich and starvation conditions com-
pared with untreated control (Fig. 7). Importantly, the changes
in MAPILC3-II levels were greater in IFN-treated samples
compared with treatment with bafilomycin A alone, suggesting
that IFNA2c induces autophagic flux. Many cancer cell lines are
defective in autophagic flux.?® We therefore included starvation
conditions in these experiments to show that Daudi cells are
autophagy competent.

Effects of IFNA2c on cell cycle, and inhibition of cells
proliferation. We next explored if IFN-induced autophagy is
connected with inhibition of cell proliferation. The antigrowth
effect of IFNA2c was evaluated using a Trypan Blue viability
assay, and propidium iodide (PI) cell cycle analysis. Results of PI
cell cycle analysis indicated changes in cell cycle phase fractions
for most of the tested cell lines (Table 1). Based on the effect
of IFNA2c treatment on the cell cycle, tested cell lines can be
divided into three groups: (1) Daudi, T98G and MDA-MB-231
(increase in G, fraction, decrease in S and/or G,+M fractions);
(2) HeLa S3, B-JAB, and A549 (decrease in G, fraction, increase
in S and/or G,+M fractions); (3) U937 (no effect on cell cycle).
The viability of all cell lines was greater than 90% (data not
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show). Inhibition of proliferation greater than N
30% was observed in Daudi, B-JAB, Hel.a S3 and &ﬁ’ &
T9§G cell lines (Table 1). No increase in apop- B\?ﬁb gp;\ Qy: Q)Q)O Q}’{b b@
tosis between treated and untreated samples was Q¥ NV Y KR ¥
detec'ted in cell cyFle analysi.s f(?r any of the tested IFNA2C B A
cell lines. Interestingly, no inhibition of cell pro- MW
liferation was observed in U937. In this cell line, kpa) | 1 234567 8 910111213
STAT?2 was below detection level in WB, and we 20 -
d%d not detect an increase of MAP1LC3-II (Fig. 3; MAP1LC3-| " Sl -
Fig. S2). Thus, these results support our evidence MAP1LC3-II 10 T e D - -
that STAT2 may playarole in typeIIFN—induced o 109 - 125 - 085 - 064 - 064 - 076
autophagy. In conclusion, our results showed that | SQSTM1 60 B R ——
type I IFN has the ability to induce autophagy in
a number of cancer cell lines and in general is cor- | ATG12-ATG5 60 | ™ - - -
related with cell cycle arrest.

Induction of autophagy and correlation with | ATG5S 0 |WhT T ——— -
inhibition of MTORCI1 activity following IFN
treatment. Previous studies have shown that global
protein synthesis is downregulated in respoise to FRPED (aRdyRaiAR) o - -
IFN treatment.** One of the master regulators of
protein synthesis and negative regulator of auto- | ACTB 40 o -

phagy is MTORCL.” The activity of MTORC1

can be monitored by phosphorylation changes
in downstream target proteins like RPS6KB and
EIF4EBP1.% To examine the effect of type I IFN
on MTORCI we treated Daudi cells with 3.6 ng/
mL of either IFNA2c or IFNB for 6, 24 and 48 h.
We found that treatment of Daudi cells with type
I IFNs decreased phosphorylation of RPS6KB
(Thr389) and EIF4EBP1 (Thr37/Thr46), indi-
cating that IFNs attenuate MTORCI signaling
(Fig. 8). To further examine activity of RPS6KB,

Figure 3. Detection of MAP1LC3-l and MAP1LC3-Il, SQSTM1, ATG5 and p-RPS6 after

48 h treatment of different cell lines with IFNA2c. Different cell lines were incubated with
or without IFNA2c for 48 h. Lanes: (1) molecular weight marker; (2) untreated BJAB;

(3) BJAB plus IFNA2c (3.6 ng/mL); (4) untreated U937; (5) U937 plus IFNA2c (3.6 ng/mL);
(6) untreated MDA-MB-231; (7) MDA-MB-231 plus IFNA2c (3.6 ng/mL); (8) untreated T98G;
(9) T98G plus IFNA2c (3.6 ng/mL); (10) untreated HeLa S3; (11) HeLa S3 plus IFNA2c

(3.6 ng/mL); (12) untreated A549; (13) A549 plus IFNA2c (3.6 ng/mL). Data are representa-
tive of two individual experiments. Ratios of MAP1LC3 were calculated as the division of
the ratio of induced MAP1LC3-I to induced MAP1LC3-II by the ratio of basal MAP1LC3-|
to basal MAP1LC3-Il, and the numbers are shown below the MAP1LC3 lanes.

we studied phosphorylation changes of two
RPS6KB-dependent proteins: RPS6 and EIF4B, which both play
a role in translational regulation. We observed decreased phos-
phorylation of RPS6 (Ser240/Ser242) and EIF4B (Ser422) pro-
teins at 24, and 48 h post-IFN-treatment (Fig. 8). Neutralizing
anti-IFNAR2 mAb A10 reversed the phosphorylation profile of
all tested proteins (Fig. 8). Results of the concentration-depen-
dent experiments confirmed that treatment of Daudi cells for
48 h with IFNA2c decreased MTORCI activity and induced
autophagy (Fig. S1). No changes in phospohorylation of RPS6
were detected in the STAT2-deficient Daudi cell line.

Direct inhibition of MTORCI activity can lead to induc-
tion of autophagy. To further elucidate the role of MTORCI1
in IFNA2c-induced autophagy, we treated Daudi cells with a
nonsaturating dose of rapamycin, an MTORCI inhibitor / auto-
phagy inducer. We observed increased MAP1LC3-II (Fig. 9) in
Daudi cells treated for 48 h with a combination of IFNA2c and
rapamycin in comparison to treatment with inhibitor or IFN
only (Fig. 9, lanes 5 and 6). Efficiency of MTORCI inhibition
by rapamycin was monitored by measuring phosphorylation of
the downstream effector protein RPS6. Together, these results
suggest that greater inhibition of MTORCI activity through
rapamycin treatment further enhances IFN-induced autophagy
in Daudi cells.

www.landesbioscience.com

In addition to Daudi cells, we examined phosphorylation
changes of RPS6 in HeLa S3, MDA-MB-231, T98G, A549, U937
and BJAB cells. We did not observe decreased RPS6 phosphory-
lation in those cell lines 48 h post-IFN treatment when com-
pared with untreated cells (Fig. 3). To further explore the role
of MTORCI, we performed siRNA knockdown experiments.
T98G cells transfected with MTOR siRNA showed significantly
more IFNA2c-induced MAP1LC3-II generation compared with
cells transfected with a nonspecific siRNA (Fig. 10A). Efficiency
of MTOR knockdown was monitored by measuring phos-
phorylation of downstream effector protein RPS6. Treatment
of MTOR siRNA-transfected cells with IFNA2c had an addi-
tive effect on growth inhibition when compared with either as
a single treatment, supporting a role of MTOR in cell prolifera-
tion (Table 2). In addition, combinatory treatment of T98G cells
with nonsaturating doses of rapamycin or LY294002 in addition
to IFN increased the level of MAPILC3-II in comparison to
treatment with IFN alone (Fig. 10B). Thus, these results sug-
gest that MTOR and PI3K inactivation enhances IFN-induced
autophagy.

Evaluation of upstream regulators of MTORCI activity. To
determine the mechanism by which IFNA2c modulates MTORC1
activity in Daudi cells, we investigated the phosphorylation
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Figure 4. Transmission electron micrographs of IFNA2c-induced autophagy in Daudi cells. Cells were incubated with 3.6 ng/mL IFNA2c. (A) represents
typical untreated control cells and (B-G) represent cell populations 48 h after treatment. Arrows and inset indicate regions with tight association
between double-membrane structures and mitochondria. Arrowheads indicate mature autophagosomes containing highly degraded contents. Scale

profile of three families of MAP kinases upstream of MTORCI:
MAPK1/3, MAPK14 and MAPKS8/9. At early time points
(15 min, 1 and 4 h post IFNA2c treatment), we only observed an
increase in phosphorylation of MAPK1/3 at 4 h. This phosphoryla-
tion was not accompanied by changes in the level of MAP1LC3-11
(data not shown). Twenty-four h treatment with IFNA2c¢ resulted
in a significant decrease in phosphorylation of MAPK1/3, and
a minimal decrease in the level of MAPKI14 phosphorylation
in comparison with untreated cells (Fig. 11A). Phosphorylation
of MAPK8/9 was unobserved in untreated or IFNA2c-treated
Daudi cells (data not shown). Similar results were observed at
48 h (data not shown). Because significant changes were observed
in the phosphorylation profile of MAPK1/3, we further inves-
tigated the significance of in MAPK1/3 phosphorylation in
IFNA2c-induced autophagy by culturing Daudi cells for 48 h
in the presence of IFNA2c with or without a known MAPK1/3
inhibitor, PD98059. PD98059 inhibited phosphorylation of
MAPK1/3 at 48 h in IFN-treated and control cells. Interestingly,
combinatory treatment of PD98059 and IFNA2c did not increase
cleavage of MAP1LC3-I to MAP1LC3-II in comparison to single
treatments with inhibitor or IFN only (Fig. 9, lanes 8 and 9).
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These results suggest that downregulation of MAPK1/3 activity
did not sensitize Daudi cells to IFN-induced autophagy.

Multiple studies have demonstrated that type I IFNs activate
the PI3K-AKT pathway, starting as early as 15 min post IFN
treatment.'™" AKT is activated by phosphorylation of Threonine
308 (Thr 308) and Serine 473 (Ser 473). The PI3K-AKT signal-
ing pathway is directly involved in the activation of MTORC1.”
To determine the role of this signaling cascade in IFN-induced
autophagy, we studied phosphorylation changes of AKT at 48
h postIFNA2¢ treatment. We found that AKT (Ser 473) was
constitutively phosphorylated in control cells, and that treatment
of Daudi cells with IFNA2c¢ minimally altered phosphorylation
of AKT (Ser 473) at 48 h. Phosphorylation of AKT (Thr 308)
in control cells or IFN-treated cells was not detected at 48 h
(Fig. 11B). Similar results were observed at 24 h (data not
shown). At early time points (15 min, 1 and 4 h post IFNA2c
treatment), we observed a modest increase in AKT phosphoryla-
tion only at Ser 473 at 4 h (data not shown). This phosphoryla-
tion had no effect on the level of MAP1LC3-II (data not shown).
To further explore the role of PI3K-AKT signaling pathway in
IFN-induced autophagy, we treated Daudi cells with 1Y294002,
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Figure 5. Transmission electron micrographs of IFNB-treated Daudi cells presenting morphological evidence of autophagy. All treated cells were incu-
bated with 3.6 ng/mL IFNB. (A) represents typical untreated control cells and panels (B-G) represent cell populations 48 h after treatment. Arrows and
inset indicate regions with tight association between double-membrane structures and mitochondria. Scale bars: 500 nm.

a PI3K-dependent AKT phosphorylation inhibitor. Treatment
of cells with both LY294002 and IFNA2c increased the level of
MAPILC3-II compared with cells treated with inhibitor or IFN
only (Fig. 9, lanes 6 and 7), suggesting that PI3K-AKT signaling
may inhibit IFN-induced autophagy.

Discussion

Induction of autophagy by type I IEN has not been previously
reported. In this study, we demonstrate that type I IFN can
induce autophagy in human cancer cell lines. Induction of auto-
phagy after IFN treatment was observed in cells that display
growth inhibition in response to IFN treatment, suggesting a
correlation between those activities.

Autophagy is upregulated under conditions of stress or star-
vation.*® The presence of several other cytokines and pathogens
can also promote increased autophagy.'**”** Type II IFN uses
autophagy to clear mycobacteria and chlamydia.?* Type I IFN

www.landesbioscience.com

is produced by cells in response to viral infection and/or TLR
activation, and induces an antiviral state through regulation of
protein synthesis and induction of ISGs.** Additionally, type I
IFN can induce soluble factors associated with cytotoxic and
inflammatory effects.* Type I IFN can also inhibit cellular pro-
liferation and has been shown to upregulate of MHC 1.2 It has
been reported that autophagy is required for production of type I
IFN in plasmacytoid dendritic cells.®*** Our data demonstrated
a direct effect of type I IFN on induction of autophagy. Type
I IFN-induced autophagy may play a role in viral clearance or
antigen presentation, as well as represent a positive feedback loop
for greater IFN production during viral infection. Moreover, our
findings provided evidence for a potential mechanism to explain
the antiproliferative effects of type I IFN in certain cell types,
considering that autophagy is often concomitant with cell cycle
arrest and senescence. >4

It is well established that type I IFN mediates signaling pri-
marily through the JAK-STAT pathway.”” IFN receptor binding
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Figure 6. Transmission electron micrographs of IFNA2c-treated adherent cells. Transmission electron micrographs of IFNA2c-treated adherent cells
(MDA-MB-231, T98G and Hela S3) presenting morphological evidence of autophagy demonstrated by tight association of double-membrane struc-
ture with degrading organelles (arrows), (A-C) respectively, as compared with the corresponding untreated controls, (D-F), where typical ER is shown
(asterisks) adjacent to mitochondria. All treated cells were incubated with 36 ng/mL IFNA2c for 48 h. Scale bars: 500 nm.

stimulates gene transcription through the JAKI-TYK2-mediated
phosphorylation of STAT1 and STAT?2, facilitating interaction
with IRF9 to form ISGF3 complex.®#® This complex translocates
to the nucleus and binds to IFN-stimulated response elements
(ISREs), resulting in transcriptional activation of ISGs.*#"°
Interestingly, treatment of STAT2-defective mutant Daudi
cells did not increase levels of MAP1LC3-II and a decrease in
SQSTMI, suggesting that IFN-induced autophagy is STAT2
dependent. Future biochemical studies are required to link
STAT?2 activation with type I IFN-induced autophagy.

Type I IFN activates several other signaling pathways, includ-
ing PI3K through an insulin receptor substrate (IRS)-dependent,
STAT-independent mechanism.>' Importantly, PI3K may play a
role in nuclear translocation of IRF7 and type I IFN production
after activation of TLR7 and 9 in predendritic cells.’? AKT is
a downstream effector of PI3K and mediates antiapoptotic and
prosurvival signals.”*>® Recent published evidence demonstrates
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a role for AKT kinases in regulating the MTOR-RPS6KB
pathway for IFN-dependent translational regulation.'®>*% We
observed that treatment of Daudi cells with a combination of the
PI3K inhibitor LY294002 and IFNA2c led to increased auto-
phagy. Given that PI3K-AKT-MTOR signaling is constitutively
active in this context prior to IFN exposure, our results suggest
that modulating this signaling axis may enhance IFN-induced
autophagy. In the present study, we observed less phosphory-
lation of RPS6KB at threonine 389 in Daudi cells after 24 to
48 h of IFN treatment, suggesting that type I IFN-induced
autophagy correlates with decreased MTORCI activity. Indeed,
IFN treatment also resulted in decreased phosphorylation of
two RPS6KB-dependent proteins, RPS6 and EIF4B, which
are involved in translational regulation. These data suggest
that prolonged type I IEN signaling may promote autophagy
when MTORCI1-mediated stimulation of protein translation is

inhibited.

Volume 9 Issue 5

. Do not distribute.

loscience

©2013 Landes B



The  muldiprotein  complex
MTORCI can directly control pro-
tein synthesis and integrate myriad
signals from the environment (e.g.,
nutrients, growth factors, energy and
stress) to regulate cellular homeosta-
sis, growth and proliferation.” The
ability of MTORCI to regulate so
many different events suggests mul-
tiple signaling mechanisms may be
involved in different cell lines. In
Daudi cells, we detected phosphoryla-
tion changes of MTORCI substrates
that play a role in mRNA translation
and thus in protein synthesis. In other
cell lines, decreased phosphorylation
of selected marker RPS6 was not
observed, suggesting IFN treatment
did not directly modulate this spe-
cific MTORCl-regulated event. In
those cell lines where IFN-induced
autophagy was readily observed, it is
possible that other signaling events
downstream of MTORCI were
inhibited independently of RPS6KB
activity. It is also possible that IFN-
induced autophagy may proceed
independently of MTORCI modula-
tion, perhaps by influencing intracel-
lular Ca** or cAMP levels that dictate
MTOR-independent  autophagy.”’
More studies are needed, utilizing an
expanding toolbox of specific auto-
phagy inhibitors, to parse out specific
IFN-controlled signaling outcomes
for autophagy in different cell types.

The lipophilic macrolide rapamy-
cin is an inhibitor of MTORCI sig-
naling.®®> We observed enhanced,
IFN-induced MAPILC3-II process-
ing and autophagy in Daudi and
T98G cells treated with IFNA2c
and rapamycin. In addition, siRNA-
mediated knockdown of MTOR
augmented IFN-induced growth
inhibition and autophagy in T98G
cells. Hence our results support the
notion that a decrease of MTORCI1
activity generally enhances the mag-
nitude of IFN-induced autophagy,
even if type I IFN itself does directly
down modulate MTORCI signaling
in certain sensitive cell lines (e.g.,
T98G, Hela). Again, further stud-
ies will determine exactly how the

balance of JAK-STAT activation and
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Figure 7. Detection of autophagy flux in Daudi cells. Daudi cells were incubated with 3.6 ng/mL IFNA2c
for 48 h followed by a 4 h incubation with 0.161 uM bafilomycin A, under nutrient-rich (RPMI 1640
media supplemented with 10% FBS) or starvation (Hank’s balanced salt solution) conditions. Lanes:

(1) molecular weight marker; (2) untreated cells; (3) DMSO; (4) bafilomycin A;; (5) IFNA2c (3.6 ng/ml);

(6) IFNA2c (3.6 ng/ml) plus DMSO; (7) IFNA2c (3.6 ng/ml) plus bafilomycin A,. Data are representative of
three individual experiments. Ratios of MAP1LC3 were calculated as the division of the ratio of induced
MAP1LC3-I to induced MAP1LC3-Il by the ratio of basal MAP1LC3-I to basal MAP1LC3-Il, and the num-
bers are shown below the MAP1LC3 lanes.
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Figure 8. Detection of MTORCT activity in Daudi cells after IFN treatment by western blot. Lanes:

(1) molecular weight marker; (2) negative control (NC), untreated cells, 6 h; (3) IFNA2c (3.6 ng/mL), 6 h;
(4) IFNB (3.6 ng/mL), 6 h; (5) NC 24 h; (6), IFNA2c (3.6 ng/mL), 24 h; (7) IFNB (3.6 ng/mL), 24 h; (8) NC

48 h; (9) IFNA2c (3.6 ng/mL) 48 h; (10) IFNB (3.6 ng/mL), 48 h; (11) IFNA2c (3.6 ng/mL) 48 h plus anti-
IFNAR2 — mAb A10; (12) IFNB (3.6 ng/mL) 48 h plus anti-IFNAR2 - mAb A10. Data are representative of
three individual experiments.
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Cell culture. Daudi cells derived from a Burkitt’s

- lymphoma were obtained from Dr. P. Grimley

(Department of Pathology, Uniformed Services
University of the Health Sciences, Bethesda, MD).
Human cervical carcinoma Hela S3 cells (ATCC,
CCL-2.2), human monocyte-like cell line derived
from histiocytic lymphoma U937 (ATCC, CRL-
1593.2) and human lung carcinoma A549 (CCL-

185) were obtained from the American Type Cell

Figure 9. Detection of MAP1LC3-l and MAP1LC3-Il, p-RPS6 and p-MAPK1/3 after 48

h treatment of Daudi cells with chemical inhibitors and IFNA2c. Lanes: (1) molecular
weight marker; (2) negative control, untreated cells; (3) IFNA2c (0.036 ng/mL); (4)
rapamycin (0.27 nM); (5) IFNA2c (0.036 ng/mL) plus rapamycin (0.27 nM); (6) LY294002
(10 wM); (7) IFNA2c (0.036 ng/mL) plus LY294002 (10 wM); (8) PD98059 (46.7 M);

(9) IFNA2c (0.036 ng/mL) plus PD98059 (46.7 wM). Data are representative of three
individual experiments. Ratios of MAP1LC3 were calculated as the division of the ratio
of induced MAP1LC3-I to induced MAP1LC3-II by the ratio of basal MAP1LC3-I to basal

MAP1LC3-Il, and the numbers are shown below the MAP1LC3 lanes.

Culture Collection. Human fibroblast glioblastoma
cell line T98G and human epithelial breast adeno-
carcinoma cell line MDA-MB-231 were obtained
from Dr. Raj Puri (FDA, CBER, Bethesda, MD)
and human B cell lymphoma BJAB were obtained
from Dr. Michael Lenardo (NIAID, NIH, Bethesda,
MD). STAT2-defective mutant Daudi cells were
purchased from KeraFAST (EH0001). All cells were

Table 2. MTOR siRNA and IFNA2c inhibit cell growth

Growth Inhibition (%; mean * SD)

Negative control 0
IFNA2c 17 £7*
MTOR siRNA 13+9ns

MTOR siRNA + IFNA2c 30+ 11

T98G cells were transfected for 48 h with 100 nM SignalSilence® MTOR
siRNA or SignalSilence® control siRNA followed by IFNA2c (3.6 ng/mL)
treatment for 48 h. The effect of MTOR siRNA, IFN, or their combination
on growth inhibition was examined using Cellometer in combination
with Trypan Blue staining. Results shown are average of three individual
experiments, + SD of experimental replicates. We determined two-
tailed p values by using a paired t-test that compared each treatment
group relative to untreated control. Statistical significance was reported
as follows: *p < 0.05 (significant); ns: p > 0.05 (not significant).

PI3K-AKT-MTORCIL inhibition dictates autophagy induction
in certain tumor cells exposed to type I IFN.

In conclusion, our findings demonstrated that type I IFN
can induce autophagy in certain human cancer cell lines, which
is a function not previously ascribed to type I IFN treatment.
Importantly, our findings provide some evidence that type I
IFN-induced autophagy is STAT2-dependent. Additionally we
showed that decreased MTOR activation increases [IFN-induced
autophagy. Given the broad usage of type I IFN in treating viral
infections, autoimmune disorders and certain cancers, the abil-
ity of type I IFN to induce autophagy illuminates a new cellular
effect that should be considered. For example, it is possible that
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propagated using RPMI 1640 media (Invitrogen,
2189) supplemented with 10% FBS (Gibco, 2614),
1% penicillin-streptomycin (Sigma, P4458) and 1% L-glutamine
(Gibco, 25030). To study the kinetics of autophagy induction,
Daudi cells (3 x 10°) were mock-treated or treated with 3.6 ng/
mL (approximately 700 IU/mL) of IFNA2c or IFNB for 6, 24
or 48 h. To study IFN concentration dependence of induction
of autophagy, Daudi cells (3 x 10°) were mock-treated or treated
with various concentrations of IFNA2c for 24 or 48 h. To study
autophagy flux, Daudi cells (3 x 10°) were incubated with 3.6
ng/mL IFNA2c for 48 h followed by a 4 h incubation with 0.161
M bafilomycin A, (Enzo Life Sciences, BML-CM110) under
nutrient-rich (RPMI 1640 media supplemented with 10% FBS)
or starvation conditions (Hank’s balanced salt solution, Sigma,
H9269). To study the influence of PD98059, a MAPK inhibitor
(EMD/Calbiochem, 513001), LY294002, a PI3K inhibitor (Cell
Signaling, 9901S) or rapamycin, a MTOR inhibitor (Enzo Life
Sciences, BML-A275) on autophagy, Daudi cells were incubated
with 0.036 ng/mL (approximately 7 IU/mL) of IFNA2c for 48 h
in the presence or absence of inhibitors. To study the influence of
rapamycin on autophagy in the adherent cells, T98G cells were
incubated with 3.6 ng/mL of IFNA2c for 48 h in the presence
or absence of rapamycin. Concentrations of the aforementioned
inhibitors or inducer (rapamycin) were selected based on dose-
dependent experiments in which Daudi (3 x 10°) or T98G cells
(1 x 10°) were treated with 10-fold serial dilutions of chemical
compounds or IFNA2c for 48 h. Concentrations that did not sat-
urate MAP1LC3-II turnover (as detected by western blot) were
selected to investigate a potential additive effect when combined
with IFNA2c in treatment of cells. Additionally, we evaluated
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Figure 10. Role of the MTORC1 activity in IFN-induced autophagy. (A) siRNA-mediated RNA silencing of MTOR. T98G cells were transfected for 48 h
with 100 nM SignalSilence® MTOR siRNA or SignalSilence® control siRNA follow by IFNA2c (3.6 ng/mL) treatment for 48 h. The effect of MTOR-siRNA on
MAP1LC3-II level was examined by western blot. Lanes: (1) molecular weight marker; (2) negative siRNA control; (3) negative siRNA control plus IFNA2c
(3.6 ng/mL); (4) specific siRNA for MTOR; (5) specific siRNA for MTOR plus IFNA2c (3.6 ng/mL). Data are representative of three individual experiments.
Ratios of MAP1LC3 were calculated as the division of the ratio of induced MAP1LC3-I to induced MAP1LC3-II by the ratio of basal MAP1LC3-I to basal
MAP1LC3-Il, and the numbers are shown below the MAP1LC3 lanes. (B) Detection of MAP1LC3-I, MAP1LC3-Il, and p-RPS6 upon treatment with inhibi-
tors rapamycin, LY294002 and IFNA2c. Lanes: (1) molecular weight marker; (2) negative control, untreated cells; (3) IFNA2c (3.6 ng/mL); (4) rapamycin
(2.7 nM); (5) IFNA2c (3.6 ng/mL) + rapamycin (2.7 nM); (6) LY294002 (10 wM); (7) IFNA2c (3.6 ng/mL) + LY294002 (10 .M). Data are representative of two
individual experiments. Ratios of MAP1LC3 were calculated as the division of the ratio of induced MAP1LC3-I to induced MAP1LC3-Il by the ratio of
basal MAP1LC3-I to basal MAP1LC3-Il, and the numbers are shown below the MAP1LC3 lanes.

the effect of treatments on cell viability (assay described below).
Concentrations selected did not affect cell viability (data not
shown). For neutralizing experiments, anti-IFNAR2 monoclo-
nal antibody A10 was used at a concentration of 10 pwg/mL for
48 h. To show that induced autophagy is a direct effect of IFNA2c
treatment, culture media was collected from mock-treated Daudi
cells (3 x 10°) or cells treated with 0.36 ng/ml IFNA2c for
24 h. Cell-free supernatants were subsequently transferred
onto fresh Daudi cells for incubation in the presence or absence
of anti-IFNAR2-mAb A10. Samples were collected at 24 h post-
treatment, and analyzed by western blot. To study induction of
autophagy in Hela S3, MDA-MB-231, T98G, A549, 1 x 10°
cells, and in U937, BJAB, 3 x 10° cells were treated with 3.6 ng/
mL IFNA2c for 48 h. To evaluate induction of autophagy in
STAT2-defective mutant Daudi cells, 3 x 10° cells were treated
with 3.6 ng/mL IFNA2c for 48 h.

IFN. IFNA2c was prepared and analyzed as previously
described.®®* TFNBla/IFN-Bla (Avonex) was obtained from
Biogen Idec, Inc. The specific AV activities of IFNs on A549 cells
are 2 x 10° IU/ mg. All material was tested for endotoxin levels,
and the concentration of endotoxin was determined to be less
than 0.07 EU/mg.

Western blot analysis. At the desired time points, cells were
harvested, counted, and an equal number of cells per sample was
used for cell lysate preparation. Cell lysates were prepared using
lysis buffer (20 mM TRIS, 400 mM NaCl, I mM EDTA, 1%
TRITON X-100, 1 mM DTT) with protease (Pierce, 78425)
and Halc™ phosphatase inhibitor (Pierce, 1861277) cocktails.
Ten microliters of each sample were analyzed by SDS-PAGE
using 10-20% Tris-Glycine gels (Invitrogen, EC61352) under
reducing conditions, followed by transfer onto nitrocellulose
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membrane (Invitrogen, 1B3010-02) using iBlot™ gel trans-
fer system (Invitrogen, IB 1001), except for MAP1LC3, where
a PVDF membrane (Bio-Rad, 162-174) was used in conjunc-
tion with a XCell SureLock® Mini-Cell (Invitrogen, EI0001).
Primary antibodies against ACTB/Beta-Actin (Abcam, 4967L),
MAPILC3 (3868S), RPS6KB (2708P), phospho-RPS6KB
(Thr389, 9205S), RPS6 (2317S), phospho-RPS6 (Ser235/236,
4858S and Ser240/244, 2215S), MAPK1/3 (4695P), phospho-
MAPK1/3 (Thr202/204, 4370S), EIF4B (3592P), phospho-
EIF4B (Ser422, 3591), EIF4EBP1 (53H11), phospho-EIF4EBP1
(Thr37/Thr46, 9459S), MAPK14 (9212P), phospho-MAPK14
(Thr180/Tyr182, 9215S), AKT (9272), phospho-AKT (Ser473
4060, Thr308 2965S), MAPKS8/9 (9258P), phospho-MAPKS8/9
(Thr183/Tyrl85, 9255S), as well as MAPKS8/9 control cell
extracts (9253) and AKT control cell extracts (9273) were
obtained from Cell Signaling Technology, Inc. Antibodies for
detection of SQSTM1 (M153-3) and ATG12-ATGS5 conjugates
(M162-3) were obtained from MBL International Corp., anti-
body for detection of p-STAT1 (Tyr701, 612232) was obtained
from BD Biosciences. Secondary goat anti-mouse (sc-2005) and
anti-rabbit (sc-2004) antibodies were obtained from Santa Cruz
Biotechnology. Biotinylated protein ladder (10 to 200 kDa, Cell
Signaling Technology, 7727S) was used as molecular weight
marker. The membranes were developed by using a SuperSignal
West Femto Maximum Sensitivicy Kit (Pierce, 34096), and
images were visualized using an LAS-3000 Imaging system (GE
Healthcare Biosciences). Post-exposure image processing was
applied to the whole image. Adjustments were restricted to lin-
ear changes in brightness, contrast and color balance. Ratios of
MAPI1LC3 were calculated using MultiGauge 3.0 (GE Healthcare
Biosciences) as the division of the ratio of induced MAP1LC3-I
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Figure 11. Dose-dependent effects of IFNA2c on (A) MAP and (B) AKT kinases. Daudi cells were incubated with the designated amounts of IFN for 48 h.
Lanes: (1) molecular weight marker; (2) untreated cells; (3) IFNA2c (3.6 ng/mL); (4) IFNA2c (0.36 ng/mL); (5) IFNA2c (0.036 ng/mL); (6) IFNA2c (0.0036 ng/
mL); (7) negative control for AKT (cell extract from serum starved Jurkat cells, followed by LY294002-treatment); (8) positive control for AKT (cell extract
from serum starved Jurkat cells, followed by Calyculin A-treatment). Data are representative of two individual experiments.

to induced MAPILC3-II by the ratio of basal MAP1LC3-I to
basal MAPILC3-Il {(MAPILC3-I  /MAPILC3-II )/
(MAPILC3-I, /MAPILC3-II, )}. Numbers are shown below
MAP1LC3 lanes in western blots.

Analysis of cell growth and viability. Cell counts and via-
bility for different cell lines at different time points were deter-
mined using Trypan Blue Stain (Lonza, 17-942E) exclusion and
a hemocytometer (Nexcelom, CP2-002) and Cellometer Vision
CBA (Nexcelom Bioscience LLC). Inhibition of cell growth by
IFN was calculated and results were analyzed for statistical sig-
nificance using a paired t-test.

Cell cycle analysis. Cell cycle analysis was performed using
a Cellometer image-based cytometer in combination with PI kit
(Nexcelom Bioscience, CSK-0122), following the manufacturer’s
instructions. Results were analyzed using FCS Express 4 software
(De Novo Flow Cytometry Software).

Detection of autophagy in living cells. To measure levels of
autophagy in living cells, Cellometer image-based cytometer in
combination with Cyto-ID autophagy detection kit (Enzo, ENZ-
51031-K200) was used. Samples were prepared following the kit
manufacturer’s instructions and guidance by the manufacturer of
the instrument, Nexcelom Bioscience.® Briefly, suspension cells
(3 x 10°) or adherent cells (1 x 10°) were incubated with IFNA2c
(3.6 ng/mL) for 48 h. After treatment, cells were harvested and
labeled with Cyto-ID® Green autophagy dye, which is a compo-
nent of Enzo autophagy detection kit. Instead of Hoechst 33342
reagent, propidium iodide (Nexcelom Bioscience, CS1-0109-5ML)
was used to stain nonviable cells, in order to exclude these cells
from data analysis. Labeling kit assay buffer was supplemented
with 2% FBS. To measure fluorescence signal, appropriate optic
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modules were selected.®® Data were analyzed using FCS Express 4
software, and Autophagy Activity Factor (AAF) values were cal-
culated using the following equation: AAF = 100 x (MFI
-MFI )/ MFI MFI is mean fluorescence intensity, and
AAF expresses the level of autophagy in live cells as the difference

between the amount of Cyto-ID® Green autophagy dye gathered

66

treated

treated

within cells in the presence and absence of an autophagy inducer.
Silencing of MTOR using siRNA. HeLa S3 cells were seeded
at 1 x 10° cells/well in 6-well plates and immediately trans-
fected for 48 h with 100 nM SignalSilence® MTOR siRNA
(Cell Signaling 6381), or SignalSilence® control siRNA (Cell
Signaling 6568), using 5 wg Lipofectamine™ 2000 (Invitrogen,
11668019) diluted in Opti-MEM (Gibco, 31985070). Cells were
then treated for 48 h with 3.6 ng/mL IFNA2c. After IFN treat-
ment, cells were harvested and the effect of MTOR-siRNA on
MAPI1LC3-II level was examined by western blot.
Transmission electron microscopy. Specimens were fixed
overnight at 4°C with 2.5% glutaraldehyde in 0.1 M sodium
cacodylate buffer, pH 7.4. Samples were post-fixed for 30 min
with 0.5% osmium tetroxide/0.8% potassium ferricyanide,
transferred to 1% tannic acid for 1 h, and then to 1% uranyl
acetate overnight at 4°C. Samples were dehydrated with a graded
ethanol series, and embedded in Spurr’s resin. Thin sections were
cut with a Leica EM UC6 ultramicrotome (Leica), and stained
with 1% uranyl acetate and Reynold’s lead citrate prior to view-
ing at 120 kV on a Tecnai BT Spirit transmission electron micro-
scope (FEI, Eindhoven, The Netherlands). Digital images were
acquired with a Hammamatsu XR-100 side mount digital cam-
era system (Advanced Microscopy Techniques) and processed

using Adobe Photoshop CS5 (Adobe Systems Inc.).
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