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Abstract

Stress granules (SG) are cytoplasmic RNA granules that form during various types of stress
known to inhibit general translation, including oxidative stress, hypoxia, endoplasmic reticu-
lum stress (ER), ionizing radiations or viral infection. Induction of these SG promotes cell
survival in part through sequestration of proapoptotic molecules, resulting in the inactivation
of cell death pathways. SG also form in cancer cells, but studies investigating their formation
upon treatment with chemotherapeutics are very limited. Here we identified Lapatinib
(Tykerb / Tyverb®), a tyrosine kinase inhibitor used for the treatment of breast cancers as a
new inducer of SG in breast cancer cells. Lapatinib-induced SG formation correlates with
the inhibition of general translation initiation which involves the phosphorylation of the trans-
lation initiation factor elF2a through the kinase PERK. Disrupting PERK-SG formation by
PERK depletion experiments sensitizes resistant breast cancer cells to Lapatinib. This
study further supports the assumption that treatment with anticancer drugs activates the SG
pathway, which may constitute an intrinsic stress response used by cancer cells to resist
treatment.

Introduction

Stress granules (also referred as cytoplasmic phase transition or droplets) are RNA cytoplasmic
foci that emerge as a result of accumulation of either untranslated mRNAs or deficient transla-
tion initiation complexes [1-3] when general translation initiation is blocked. This occurs dur-
ing various translational stresses known to inhibit general translation including treatment with
genotoxic drugs inducers of oxidative and ER stress, exposure to hypoxia, and treatment with
either heat shock or radiation [4,5].

During translational stress, the initiation of general translation is blocked mainly due to the
phosphorylation of the translation initiation factor eIF2a [6,7]. eIF20. is phosphorylated by
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four specific stress kinases. GCN2 (general control nonderepressible 2) phosphorylates elF2o.
during amino acid deprivation [8] and PKR (Protein kinase R) is responsible for eIF2a. phos-
phorylation during viral infection [9]. While HRI (heme-regulated inhibitor kinase) is acti-
vated and phosphorylates eIF20 in response to oxidative stress, heme deficiency, and
proteasome inhibition [10], PERK (PKR-like endoplasmic reticulum kinase) phosphorylates
elF20 during endoplasmic reticulum stress [7,11]. Once phosphorylated, eIF2a induces stall-
ing of translation initiation complexes in an inactive form whose accumulation results on SG
formation [12].

Super-resolution fluorescence microscopy analysis of SG combined with biochemical puri-
fications of their components suggest that SG consist of a stable core that can be biochemically
purified, surrounded by a shell with highly dynamic components [13]. Among other compo-
nents, SG consist of mRNA, translation machinery including initiation factors and small ribo-
somal subunits, RNA binding proteins with disorganised SG-nucleating motifs (TIA-1,
FMRP, G3BP), and signaling molecules (e.g., and RACK1) involved in cell death [4]. Seques-
tration of specific signaling molecules into SG has been reported as a potential SG-based sur-
vival mechanism [14,15]. SG can also assist the expression of key survival proteins by
preventing the degradation of encoded mRNAs, which may thus promote cell survival [16,17].
Although SG formation was implicated in cell survival, limited reports have assessed their for-
mation during therapeutic stress induced by either chemo- or radiotherapy and the role of this
formation in cancer cells resistance to treatment.

Lapatinib (Tykerb /Tyverb) is a dual tyrosine kinase inhibitor which interrupts the
HER2/neu receptor (human EGER type 2) and epidermal growth factor receptor (EGFR) sig-
naling and it is used to treat HER2-positive breast cancers [18,19]. However, patients often
experience progression due to both primary unresponsiveness and inquired Lapatinib resis-
tance [20,21]. Here, we found that Lapatinib treatment induces SG formation in cancer cells
including those derived from breast cancer. This SG formation requires the activation of
PERK kinase phosphorylating elF20., causing the inhibition of general translation. PERK
depletion decreases cell survival following treatment with Lapatinib, potentially by inhibiting
SG formation. These data further support the assumption that SG formation induced by che-
motherapeutic agents might be a more general mechanism with potential significance in
chemoresistance.

Material and methods
Cell lines and cell culture

Human breast cancer cell lines T47D and MCF-7 were cultured in RPMI-1640 medium
(wisent) supplemented with 5% fetal bovine serum (Wisent), penicillin and streptomycin
(wisent). All the cells were maintained in an environment with a humidified incubator with
5% CO2 at 37°C. U20S were obtained from Dr. A Fradet- Turcotte (Université Laval).

Antibodies and reagents

Anti-FMRP, anti-FXR1 and anti-G3BP antibodies have been previously described [22]. Anti-
eIF4GI, phospho-specific anti-eIF2q, the pan anti-elF2a, anti-4EBP1 and anti-phospho-
4EBP1 were purchased from Cell Signaling Technology (Beverly, MA, USA). Anti-DDX3,
-PERK, -GCN2 and -o-tubulin antibodies were purchased from Abcam. Anti-m [6] A anti-
body was obtained from Synaptic Systems (Germany). Anti-HRI antibodies were purchased
from Santa Cruz Biotech (Santa Cruz, CA, USA). Anti-puromycin antibody was obtained
from EMD Millipore (Merck, Germany). Anti-Vinculin was provided by Dr. M-E Huot (Uni-
versité Laval). Anti-Dcpla and anti-LSM14A have been described previously [23,24].
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Drug treatment

Lapatinib was purchased from Selleck Chemicals and dissolved in DMSO as a 10 mM stock
solution, aliquoted and stored at —80 °C. Cycloheximide and puromycin were purchased from
Sigma (St Louis, MO) and dissolved in water as a 10 mg/mL and 25 mg/mL stock solutions,
respectively, aliquoted and stored at —20°C. ISRIB was purchased from Sigma (St Louis, MO).
For drugs treatment, cells were plated to reach a confluency of ~80% the day of the treatment.
The media was changed with fresh media two hours before treatment.

Confocal immunofluorescence

For immunofluorescence, cells were fixed with 3,7% paraformaldehyde and permeabilized.
The sample were blocked with 1% BSA and incubated with primary antibodies diluted in 0.1%
Tween-20 in PBS (PBST). Cells were then incubated with secondary antibodies coupled to
Alexa Fluor 488/ 594. Sample were visualized using the LSM 700 laser scanning confocal
microscope (Zeiss), equipped with a Zen software for image acquisition and processing.

Polyribosomal profiles

T47D grown in 100-mm tissue culture (~ 80% confluence), were treated with 20 uM Lapatinib,
then lysed in polyribosomal buffer (20 mM Tris, pH 7.4, 150 mM NaCl, 1.25 mM MgCl2, 8 U/
ml RNase inhibitor [Invitrogen], protease inhibitor cocktail [Complete; Roche], 1 mM DTT,
and Nonidet P-40 at a final concentration of 1%). Extracts were clarified by centrifugation and
the resulting cytoplasmic extracts were loaded on 15-55% (w/v) linear sucrose gradient for
sedimentation by ultracentrifugation. Continuous monitoring of absorbance at 254 nm was
performed to obtain the polyribosomal profiles.

siRNA and shRNA experiments

siRNAs were purchased from Dharmacon (Lafayette, CO). siRNA transfections were per-
formed, using Hiperfect reagent (Qiagen). Briefly, cells were plated to reach a confluency of
~50% the day of the transfection. For a 6-well plate, annealed duplexes were used at a final con-
centration of 10 nM. Forty-eight hours post-transfection, cells were treated with siRNA (5
nM) for an additional forty-eight hours. Cells were then either fixed and processed for immu-
nofluorescence or harvested for protein extraction.

ShRNA-mediated depletion of PERK was obtained using lentiviral ShRNA. PERK shRNA
was generated by ligation of oligonucleotides into the Agel and EcoRI restriction sites of
pLKO.1 (Addgene plasmid #8453). Lentiviral-shRNA particles were generated by transfecting
HEK 293T cells with 12 ug of pLJM1 vector containing the shRNA, 6 pg of psPAX2 packaging
plasmid (Addgene plasmid #12260) and 2 pg pMD2.G envelope plasmid (Addgene plasmid
#12259). Medium was changed 16 h after transfection and lentiviral particles were harvested
24 h later. Viral supernatant was filtered through 0.45 um filters and supplemented with 8 pg/
ml polybrene (Sigma). Supernatant was added to the cells for 24 h before the start of puromy-
cin selection.

The sequences of siRNAs/shRNA used in this study are:

siPERK#1: sense sequence: 5~ GGC AAU GAG AAG UGG AAU U -3’

shPERK#2: sense sequence: 5'- GCU GAA AGA UGA AAG CAC A -3’

Cell viability assay

Cell viability was determined using the MTT assay. Briefly, cells were seeded at 10 000 cells/
well in 96-well plates. Cells were cultured overnight and then treated with 20 uM Lapatinib for
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24h. At the end of the treatment, cells were washed with PBS and complete media was added.
Two hours before the end of treatment, MTT solvent was added to each of the wells. The
absorbance of each well was measured at 560 nm.

Results
Lapatinib treatment induce stress granules formation

We have previously shown that treatment of cancer cells with sorafenib, a tyrosine kinase
inhibitor used to treat hepatocarcinoma induces the formation of SG [25]. Here, we tested if
Lapatinib (Lap), the chemotherapeutic that targets breast specific tyrosine kinases, induces SG.
We treated breast cancer cell lines, with various doses of Lap and performed immunofluores-
cence using several antibodies specific to SG markers. Our dose-response experiments show
that the maximal SG formation was achieved using 20 uM Lap, which was selected for the rest
of our study. As shown in Fig 1A, Lap treatment induces SG formation in ~70% T47D after 2
h of treatment. Lap-induced SG contain classical SG components including FMRP, G3BP,
DDX3 and eIF4GI (Fig 1A). N®-methyladenosine (m°A) is a specific methylation that occurs
at specific adenosine residues in a large variety of mRNAs [26]. m°A antibodies have been
recently used in immunofluorescence experiments, detecting methylated RNA into SG
induced by arsenite treatment [27]. Our localisation studies using m°A antibodies detect a
strong RNA signal in SG indicating that Lap-SG contain RNA (Fig 1B). In addition to SG,
RNA is also found in P-bodies, cytoplasmic RNA granules that are constitutively present in
unstressed cells [28]. P-bodies are highly dynamics whose number can increase [29], or
decrease [23,30] following stress. Using dcpla and LSM14A, the two classic P-bodies markers,
we could not obtain a good staining in T47D. We thus assessed P-bodies formation in U20S, a
cell line that is routinely used for such studies, and which also form SG in response to Lap
treatment (S2 Data). Our immunofluorescence experiments show that Lap treatment does not
significantly affect P-bodies formation (S2 Data). As previously reported [29], P-bodies are
found at close proximity with Lap-induced SG, indicating that they communicate with each
other. To monitor the dynamics of SG, we performed time course experiments showing that
the maximal SG formation lasted over 6 h, before decreasing after 24 h of Lap treatment, indi-
cating that Lap-induced SG are transient (Fig 1C). Lap-induced SG have also similar dynamic
characteristic than classic SG as they are prevented by cycloheximide (Fig 1D); an antibiotic
that it is thought to prevent SG formation by blocking the release of mRNPs from translating
ribosomes [31,32]. SG formation triggered by Lap treatment is not restricted to T47D as they
do form also in the breast cancer MCF-7 cell line, although with less efficiency (S1 Data). How-
ever, no SG formation was observed in MDA-MB-231 or Hs578T breast cancer cell lines (S1
Data), indicating that SG formation induced by Lap in breast cancer is cell-type specific.

Lap treatment activates PERK-phosphorylation of eIF2a (PelF2a)
pathway, and inhibits general translation

It was previously shown that treatment of BT474 and MCEF?7 cells with a combination of Lap
and obatoclax induces an ER stress response as it increases BiP/GRP78 and IRE1 expression
leading to an enhanced phosphorylation of PERK [33]. We thus tested if Lap activates PERK-
PelF20. pathway leading to SG formation. First, we confirmed that Lap treatment activates
PERK as assessed by the retarded migration of PERK on a SDS-PAGE indicating its hyper-
phosphorylation (Fig 2A). Control western blot experiments show no retarded migration of
either HRI or GCN2 activation on a SDS-PAGE, excluding a significant activation of either
protein following Lap treatment (Fig 2A). These western blot analyses using antibodies specific
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Fig 1. LAP induces SG in T47D. (A) T47D were treated with LAP (20 uM) for two hours. Cells were fixed, permeabilized and processed for
immunofluorescence using antibodies against different SG markers (FMRP, G3BP, DDX3, eIF4GI). DAPI is used as a marker for nuclei. Scale bars are
shown. The indicated percentage of SG-positive cells (>3 granules / cell) representing more than 1000 cells of five independent experiments. Arsenite (0.5
mM) treatment was used as a control of SG formation. (B) T47D were treated with LAP for two hours. Cells were fixed, permeabilized and processed for
immunofluorescence using specific antibodies against the SG marker FMRP and m®A. DAPI is used as a marker for nuclei. (C) T47D were treated with
LAP, collected at the indicated time points and analysed for SG formation as above. The percentage of SG was calculated as in 1A. (D) T47D were treated
with LAP (20 uM) alone or with cycloheximide (100 pug / ml) for two hours, fixed, permeabilized and processed for immunofluorescence using anti-FMRP
antibodies to detect SG. DAPI is used as a marker for nuclei. The percentage of SG-positive cells is indicated.

https://doi.org/10.1371/journal.pone.0231894.g001

to PelF20. also show that Lap treatment induces phosphorylation of eIF2c. This phosphoryla-
tion of eIF2a correlates with an inhibition of general translation as observed by the puromycy-
lation assay [25] showing a significant reduction of puromycin incorporation during Lap
treatment (Fig 2B). This result was confirmed by polyribosomal profiles analysis showing a sig-
nificant loss of polyribosomes, with a concomitant increase in the monosome peaks attesting
an inhibition of translation, probably at its initiation phase following Lap treatment (Fig 2C).
Together, these results showed that Lap treatment of T47D activates PERK-PelF20. pathway
resulting in an inhibition of translation initiation.

Lap-induced SG require the phosphorylation of eIF2a. mediated by PERK

We then tested if this PERK-PelF2a stress pathway is responsible for SG formation in Lap-
treated cells. First, we assessed the role of eIF20. phosphorylation using ISRIB, a chemical com-
pound that prevents formation of SG that are triggered by eIF2o. phosphorylation [34]. We
observed that incubation with ISRIB indeed blocked SG formation induced by Lap treatment
(Fig 3A) supporting a major role of phosphorylation of eIF2a in triggering SG formation
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Fig 2. Formation of SG that occurs during Lap treatment correlates with the activation of PERK-PelF2a pathway and inhibition of general
translation. (A-C) T47D were treated with LAP (20 uM) for two hours. (A) Protein extracts were prepared and their content analysed by western blot using
antibodies specific to the indicated proteins. Tubulin (Tub) and eIF2a: serve as loading controls. (B) Five minutes before the end of the treatment,
puromycin (50 pg / ml) was added. Cells were collected and protein content was analyzed by western blot for puromycin incorporation into nascent
polypeptide chains using anti-puromycin antibodies (top panel). Red ponceau staining shows equal protein loading (bottom panel). (C) Cytoplasmic
extracts were prepared and fractionated onto 15-55% sucrose gradients and the polyribosomes profiles were recorded by measuring the OD,s,. Positions of
408, 60S, monosomes and polysomes are indicated.

https://doi.org/10.1371/journal.pone.0231894.g002
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during Lap treatment. In addition of the phosphorylation of eIF2a-mediated SG formation
classic pathway, recent studies described a non-canonical pathway of SG formation that relies
on the inactivation of the translation initiation eIF4E-eIF4GI complexes through dephosphor-
ylation of 4EBP1 [35]. We observed that Lap treatment also reduces phosphorylation of
4EBP1, albeit modestly, as assessed by western blot using specific antibodies (S3 Data).
Together, these results suggest that Lap treatment may also activate the non-classical 4EBP1
dephosphorylation pathway of SG formation, which however requires phosphorylation of
elF20 to occur.

We further assessed the role of the phosphorylation of eIF2a in SG formation using mouse
embryonic fibroblasts (MEFs) having an altered PeIF20 pathway [25]. Control experiments
show that Lap induces SG in about 15% of wild type MEFs (S4 Data). This SG formation was
completely prevented in MEFs expressing S51A mutant elF2a that cannot be phosphorylated.
This result supports that phosphorylation of eIF20. is a key trigger of SG formation during Lap
treatment.

Our data described in Fig 2A suggest that PERK is the main eIF2a.-phosphorylating kinase
that drives SG formation during Lap treatment. We then assessed this possibility using both
MEFs and T47D. Our Immunofluorescence experiments show that less than 1% of MEFs lack-
ing PERK are positive for SG in response to Lap treatment, as compared to 15% of wild type
MEFs (S4 Data) consolidating the role of PERK in SG formation induced in MEFs upon Lap
treatment. PERK knock-down in T47D also prevents significantly SG formation (Fig 3B).
Control experiments show that the suppression of SG upon PERK depletion correlates with a
decrease in eIF2a phosphorylation (Fig 3C) and a partial rescue of translation inhibition, as
compared to mock-depleted cells (Fig 3D). Collectively, these data confirm PERK as a major
elF20 phosphorylating kinase that drives SG formation in cancer cells treated with Lap.
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Fig 3. PERK is required for SG formation during LAP treatment. (A) T47D were treated with LAP (20 uM) or with LAP and ISRIB (100 nM) for two
hours. Cells were processed for immunofluorescence as above using anti-FMRP and anti-FXR1 antibodies. DAPI stains nuclei. (B-D) T47D were treated
with two specific PERK siRNAs and then incubated with LAP (20 uM) for two hours. (B) Cells were fixed and SG were visualised by immunofluorescence
using anti-FMRP and anti-FXR1 antibodies. DAPI is used as a marker for nuclei. (C) Cells were collected, and protein content was analyzed by western blot
for PERK and PelF2a. eIF2a serves as loading control. PERK level was estimated by densitometry quantification of the corresponding signal and then
normalized to eI[F2a. These quantifications revealed a reproducible 70 to 75% PERK depletion. (D) Five minutes before the end of the LAP treatment

(20 uM), puromycin (50 pg / ml) was added. Cells were collected and protein content was analyzed by western blot for puromycin incorporation into
nascent polypeptide chains using anti-puromycin antibodies (top panel). Coomassie Blue staining shows equal protein loading (bottom panel). Puromycin
signals were estimated by densitometry quantification and then normalized to total protein loading assessed by coomassie blue staining and reported as a
percentage of the untreated cells.

https://doi.org/10.1371/journal.pone.0231894.9003

Implication of PERK-SG formation pathway in Lap resistance in T47D

Given the role of SG formation in cell resistance to stress, we sought to determine if the activa-
tion of SG formation pathway participates to T47D resistance to Lap, using MTT assay. Con-
trol experiments show that Lap treatment induces cell death in ~50% of T47D (Fig 4).
Depletion of PERK further sensitises T47D to Lap treatment leading to ~63% of cell death (Fig
4), supporting the assumption that PERK and associated SG formation contribute to the resis-
tance of cancer cells to Lap.
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Fig 4. PERK depletion sensitizes T47D to LAP. (A) The indicated shRNA-expressing T47D were treated with LAP (20 pM) for twenty-four hours,
washed with PBS and MTT solvent was added at the indicated time points for an additional two hours. The absorbance was monitored at 560 nm. Cell
viability was calculated as the percentage of the absorbance values of LAP-treated cells relative to the absorbance values corresponding to untreated cells.
Values are presented as the mean percentage +/- SD. (B) Depletion of PERK in shRNA PERK-expressing T47D was validated by western blot analysis using
anti-PERK antibodies and quantified as above.

https://doi.org/10.1371/journal.pone.0231894.9004

Discussion

In this study, we identified Lap, a chemotherapeutic drug used to treat breast cancer, as a new
SG inducer (Fig 1). This formation of SG correlates with an inhibition of general translation
that is triggered by the activation of PERK and downstream eIF2o. phosphorylation (Figs 2
and 3 and S4 Data). Both ISRIB and PERK depletion experiments support a major role of
PERK-eIF20 phosphorylation, though we do not exclude a contribution of additional path-
ways including the non-canonical 4EBP1 pathway [35] or mTORCI [22] pathway. Finally, the
activation of PERK-SG formation pathway contributes to the resistance of the breast T47D
cancer cells to death induced by Lap treatment.

While the formation of SG induced by either environmental (e.g., low and high tempera-
ture, radiation, oxygen and nutrient deprivation, arsenite treatment and genotoxic drugs not
relevant to cancer), or pathologic (e.g., viral infection) has been well documented, studies
investigating their formation triggered by chemotherapeutics are still limited. So far, four che-
motherapeutics has been characterised as potent SG inducers in cancer cells. Our previous
studies have identified two of these, namely bortezomib and sorafenib. The formation of SG
that occurs during treatment with either drug is not due to the inactivation of their targets per
se, but involves the activation of a cellular stress response characterised by phosphorylation of
elF20 through upstream specific kinases. For example, in addition of inhibiting its proteasome
target, bortezomib generates an oxidative stress that triggers SG formation by activating HRI-
PelF2a pathway [22,30]. Treatment with sorafenib, a RAF Tyr kinases inhibitor activates an
additional ER stress pathway that induces SG in a PERK-PelF2a dependent manner [25]. Our
finding that Lap, a ErbB1/2 Tyr kinases inhibitor, also triggers SG formation by activating
PERK, raises the possibility that targeting Tyr kinases family may engender the activation of a
common ER stress activating PERK and SG formation. However, PERK-PelF20 pathway was
also recently identified as a driver of SG formation in cancer cells treated with specific
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members of the anti-mitotic microtubule destabilising Vinca alkaloids chemotherapeutic fam-
ily, although with different efficiencies [36]. Formation of SG induced by the 5-Fluorouracil
(5-FU) also involves eIF2a phosphorylation, though the activating stress kinase remains to be
established [37]. While 5-FU is known as a DNA-incorporating drug, it is its incorporation
into RNA that seems the primary driver of eIF20. phosphorylation and downstream SG forma-
tion, predicting that incorporation of specific chemotherapeutics into RNA, and not at their
natural target DNA, may constitute a potential mechanism of SG induction. How the incorpo-
ration of 5-FU into RNA activates phosphorylation of eIF2a pathway inducing SG formation
is not known. Nevertheless, these studies together with ours showing that Lap induces SG for-
mation by activating e[F2a phosphorylating pathway confirm a major contribution of this
pathway in SG formation during treatment with different class of chemotherapeutics. Future
studies will help to determine which eIF2a phosphorylating kinase is activated to trigger SG
formation upon treatment with each specific class of chemotherapeutics.

Our time course experiments of SG formation show a correlation between SG formation
and T47D resistance to Lap treatment. We show that the maximal SG formation (~70%) lasted
over 6h, before decreasing to 25% after 24 h of Lap treatment. These results indicate that while
in the majority of cells, SG are transient, they remained stable in a significant fraction of cells
during treatment, which may contribute to the observed resistance of T47D to Lap treatment.
This is consistent with our PERK depletion experiments showing that targeting PERK-SG
pathway further sensitizes T47D to Lap and supporting a potential role of PERK-SG formation
pathway in resistance of cancer cells to drug treatment. While these results are in line with the
role of SG in antagonising cell death [38], they are consistent with the emerging role of PERK
in the promotion of tumor growth and angiogenesis [39-41]. Although the contribution of SG
in PERK-mediated tumor growth and angiogenesis remained to be established, our study
described here suggests the formation of SG as a potential downstream effector of PERK in
Lap resistance, an assumption that requires future in vivo studies using patient-derived xeno-
grafts and breast biopsies of cancer patients, to be validated. While SG impact cell death by
sequestering signaling death molecules [14,15], we [16,22] and others [17] have implicated SG
in cell resistance to stress-mediated cell death in part by preventing degradation of mRNAs
encoding survival functions. Future studies assessing transcriptomes differences between cell
lines-forming and-lacking SG (e.g., between mock- and PERK-depleted T47D) should reveal
specific nRNAs whose amounts, though not affected by either Lap treatment or PERK deple-
tion, are significantly downregulated in SG-deficient cells treated with Lap, potentially at their
stability level. Identifying SG-Lap mRNA targets should also reveal specific nRNAs whose reg-
ulation by SG impact cell resistance to LAP, providing specific mechanisms of cancer che-
moresistance. Nevertheless, our in vitro study supports the possibility that induction of SG
formation by chemotherapeutics constitutes a general mechanism, potentially involved in
chemoresistance.

Supporting information

$1 Data. LAP induces SG in MCF-7 but not in MDA-MB-231. MCF-7 and MDA-MB-231
were treated with LAP (20 uM) for two hours. Cells were fixed, permeabilized and processed
for immunofluorescence using antibodies against the SG markers FMRP and FXR1. DAPI is
used as a marker for nuclei.

(TIF)

S2 Data. Assessment of P-bodies formation in LAP-treated cells. U20S were treated with
LAP (20 uM) for two hours, fixed and P-bodies were visualised by immunofluorescence using
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either anti-Dcpla or anti-LSM14A antibodies. Anti-FMRP antibodies are used to decorate SG.
(TIF)

S3 Data. LAP treatment reduces phosphorylation of 4EBP1. T47D were treated with LAP

(20 uM) for two hours. Protein extracts were prepared and their content analysed by western
blot using antibodies specific to the indicated proteins. Tubulin (Tub) serves as loading con-

trol.

(TIF)

$4 Data. LAP induces SG in wild type MEFs but not in mutant versions that do not phos-
phorylate eIF2a the indicated MEFs were treated with LAP (20 aM) for two hours, fixed

and SG were visualised by immunofluorescence using anti-FMRP and -FXR1 antibodies.
DAPI is used as a marker for nuclei.

(TIF)

S1 Fig.
(TIF)
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