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The PERK-elF2a phosphorylation arm is a
pro-survival pathway of BCR-ABL signaling and
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Activation of adaptive mechanisms plays a crucial role in cancer progression and drug resistance by allowing cell
survival under stressful conditions. Therefore, inhibition of the adaptive response is considered as a prospective
therapeutic strategy. The PERK-elF2a phosphorylation pathway is an important arm of the unfolded protein response
(UPR), which is induced under conditions of endoplasmic reticulum (ER) stress. Our previous work showed that ER stress
is induced in chronic myeloid leukemia (CML) cells. Herein, we demonstrate that the PERK-elF2a phosphorylation
pathway is upregulated in CML cell lines and CD34* cells from CML patients and is associated with CML progression
and imatinib resistance. We also show that induction of apoptosis by imatinib results in the downregulation of the
PERK-elF2a phosphorylation arm. Furthermore, we demonstrate that inactivation of the PERK-elF2a phosphorylation
arm decreases the clonogenic and proliferative capacities of CML cells and sensitizes them to death by imatinib. These
findings provide evidence for a pro-survival role of PERK-elF2a phosphorylation arm that contributes to CML progression
and development of imatinib resistance. Thus, the PERK-elF2a phosphorylation arm may represent a suitable target for

therapeutic intervention for CML disease.

Introduction

The response of tumor cells to various stress stimuli is an impor-
tant determinant of cancer development. Tumor cells respond
to microenvironmental stressors by evolutionarily conserved
systems that regulate the protective phenotype.' In contrast to
the mild chronic stress, which allows for adaptation through per-
manent changes in cellular functioning and activation of pro-
survival mechanisms, excessive stress activates cell death.! Thus,
determining how the transition from adaptation to the cell death
is regulated has a tremendous physiological importance for can-
cer biology and patient treatment.

One of the organelles that senses alterations in homeostasis
is the endoplasmic reticulum (ER).? A number of stimuli can
disrupt ER homeostasis and impose stress.? The ER has evolved
a highly specific signaling network called the unfolded protein
response (UPR) to adapt to stress or to activate cell death when
protective mechanisms are not sufficient.*® UPR initially leads
to the inhibition of global protein synthesis and consequently

results in the transcriptional induction of genes encoding pro-
teins that allow cells to adapt to ER stress. UPR pathways con-
sist of three main signaling cascades initiated by ER-localized
stress sensors: the inositol-requiring kinase 1 (IRE1), the PKR-
like ER-resident kinase (PERK) and the activating transcription
factor 6 (ATFG).> The effects of UPR on translation inhibition
are mediated by the phosphorylation of the a subunit of transla-
tion initiation factor elF2 at serine 51 (S51) as a result of PERK
activation.”® Phosphorylation of eIF2a at the S51 impairs global
mRNA translation, but at the same time it induces translation of
specific mRNAs encoding proteins that contribute to the adapta-
tion process, such as the activating transcription factor 4 (ATF4)
and ATF5>¢ Induction of the PERK-elF2a phosphorylation
arm can also lead to the activation of stress-related transcription
factors, such as NFkB, by lowering the steady-state levels of its
short-lived regulatory IkB inhibitor.”® Increased PERK and IRE1
activities, as well as increased calcium levels, have been impli-
cated as mediators of ER-stress-induced autophagy,”'® which is
considered as an important player in life-and-death decisions of
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Table 1. Clinical characterization of samples from CML patients in chron-
ic phase (CP1-CP4), accelerated phase (AcP1) and blast crisis (BC1-BC4)

Patient . Clinical
number Socal score  Previous treatment resistance
Chronic phase
CP1 0.58 Diagnostic sample N/A
CcP2 0.88 Diagnostic sample N/A
CP3 1.26 Diagnostic sample N/A
CP4 1.56 Diagnostic sample N/A
Accelerated phase
AcP1 > 1.5 Diagnostic sample N/A
Blast crisis
BC1* N/A IM, DAS, NIL IM, DAS, NIL
BC2* N/A IM, DAS, NIL IM, DAS, NIL
BC3* N/A Allo HSCT, IM IM
BC4* N/A IM IM

*All BC (blast crisis) were myeloid; IM, imatinib; DAS, dasatinib; NIL, nilo-
tinib; N/A, not applicable; Allo HSCT, allogenic hematopoietic stem cell
transplantation; Socal score: < 0.8 good prognosis, 0.8-1.2 moderated, >
1.2 poor prognosis.

the ER-stressed cells. Similarly to ER stress, autophagy, when
moderate, increases cellular survival, promoting cancer growth,
whereas severe and unbalanced correlates with cell death.”!

Chronic myeloid leukemia (CML) is a clonal myeloprolifera-
tive disease caused by expression of BCR-ABL, a fusion protein
with constitutive tyrosine kinase activity.!! CML starts with a
chronic phase, but due to genomic instability and activation of
additional mechanisms, it progresses to blast crisis, becoming
aggressive and increasingly resistant to therapy.'*'? The molecu-
lar mechanisms responsible for the progression are largely elu-
sive. A specific inhibitor of the BCR-ABL tyrosine kinase known
as imatinib has been effective in the treatment of the chronic
phase. However, imatinib responses in chronic phase can lead
to the development of drug resistance in some cases, whereas in
blast crisis are short-lived and not efficient.' Despite the advances
in CML treatment with new BCR-ABL inhibitors,” the blastic
phase remains almost inevitably fatal.'®

Several studies indicate that induction of the UPR promotes
tumor cell survival and helps solid tumors to cope with hypoxia
and growth factor deprivation.””'® However, activation of the
specific arms of UPR in CML and its impact on cell fate has
not been thoroughly investigated. We previously showed that
BCR-ABL leads to disturbances in calcium homeostasis in the
ER that are associated with increased levels of the ER chaperone
Grp78, indicating the presence of an ER stress response.” Herein,
we demonstrate that the PERK-elF2a phosphorylation arm is
upregulated in BCR-ABL-expressing mouse progenitor cell lines,
CML cell lines and in CD34* progenitor cells obtained from
CML patients. Analyses of clinical samples indicated a good cor-
relation between increased PERK-elF2a phosphorylation arm
and CML progression and clinical resistance to imatinib treat-
ment. Moreover, we show that the PERK-eIlF2a phosphoryla-
tion arm is downregulated by imatinib, resulting in an increased
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sensitivity of BCR-ABL-expressing mouse cells and human CML
cells to imatinib-mediated cell death. Thus, the PERK-elF2a
phosphorylation arm may have important implications in the

development of CML disease and its treatment with BCR-ABL
drug inhibitors.

Results

BCR-ABL expression induces ER stress and upregulates the
PERK-elF2a phosphorylation pathway. We previously showed
that BCR-ABL expression in mouse myeloid cells or human
CML cell lines increases the expression of ER stress markers.”
To address the potential link between BCR-ABL expression
and ER stress response, we investigated the regulation of the
PERK-elF2a phosphorylation arm in immortalized murine 32D
myeloid cells expressing either low or high levels of BCR-ABL
(Fig. 1A).” We observed that BCR-ABL expression resulted in
an increase of PERK phosphorylation at threonine 980 (T980), a
residue within the kinase activation loop whose phosphorylation
is essential for the autocatalytic activity of the kinase.?* We also
noticed that PERK phosphorylation at tyrosine 615 (Y615), a site
contributing to the optimal autocatalytic activity of PERK,?' was
increased in BCR-ABL-expressing cells. Analysis of total PERK
protein by immunoblotting showed the presence of an addi-
tional, slower migrating form of PERK in cells with high levels
of BCR-ABL (Fig. 1A, lane 3). This form corresponds to hyper-
phosphorylated PERK at serine/threonine and tyrosine residues,
as previously described.?! Consistent with the induction of PERK
activity, we noticed that the murine cells contained increased
levels of phosphorylated elF2a at S51 that were proportional to
BCR-ABL protein levels (Fig. 1A).

To determine whether our observations with mouse cells are
relevant to human CML cells, we examined the activation of
the PERK-elF2a phosphorylation pathway in K562 and BV173
cells derived from CML-blast crisis (BC) patients (Fig. 1B). As
control, we included the promyelocytic acute leukemia HL60
cells, which do not express BCR-ABL, as well as either resting or
PHA-stimulated PBMCs. We observed that Grp78 was upregu-
lated in CML cell lines, indicating the presence of ER stress.
We further noticed a substantial increase of PERK and elF2a
proteins which coincided with increased phosphorylation at Y615
and S51, respectively, in CML cells but not in HL60 or PBMCs
(Fig. 1B). Consistent with our observations in BCR-ABL-
transformed 32D cells, PERK was hyperphosphorylated in CML
cells, as indicated by the appearance of slow-migrating bands of
PERK in the immunoblottings (Fig. 1B). Collectively, these data
showed the presence of an ER stress response in human CML
cells that was associated with increased PERK-elF2a phosphory-
lation pathway.

The PERK-elF2a phosphorylation arm is upregulated
in CD34* progenitor cells from CML patients. To investi-
gate the potential link between the PERK-elF2a phosphoryla-
tion pathway and CML disease, we examined CML progenitor
CD34* cells from peripheral blood of CML patients together
with CD34* cells from healthy donors that were used as control
(Fig. 1C). We tested four samples from healthy donors—CD34*
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the densitometry using GeneTools from Syngene.

Figure 1. The PERK-elF2a phosphorylation pathway is upregulated in mouse and human cell lines expressing BCR-ABL and in CD34* CML cells. (A)
Expression of BCR-ABL, Grp78, PERK, PERK-pY615, PERK-pT980, elF2a and elF2a-pS51 in mouse progenitor 32D cells and 32D cells expressing differ-
ent levels of BCR-ABL. (B) Expression of BCR-ABL, STAT5, STAT5-pY694, Grp78, PERK, PERK-pY615, elF2a and elF2a-pS51 in HL60, BV173 and K562 cells
or resting and proliferating PBMC from healthy donors. Arrows indicate the lower—unphosphorylated and the higher—hyperphosphorylated PERK.
(C) Expression of BCR-ABL, STAT5, STAT5-pY694, Grp78, PERK, PERK-pY615, elF2ae and elF2a-pS51 proteins in progenitor CD34+ cells isolated from the
whole blood of healthy donors (CD34* HD, lanes 1-4), CML-chronic phase (CD34* CML-CP, lanes 5-8), CML-accelerated phase (CD34* CML-AcP, lane 9)
or CML-blast crisis patients (CD34* CML-BC, lanes 10-13). The ratio of phosphorylated STAT5, PERK and elF2« proteins to actin was calculated based on

HD (lanes 1-4), four samples from patients in chronic phase at
the diagnosis before any treatment—CD34* CML-CP (lanes
5-8), one sample from a patient in accelerated phase—CD34*
CML-AcP (lane 9) and four samples from blast crisis patients
that developed resistance to therapy—CD34* CML-BC (lanes
10-13). Table 1 summarizes the clinical data for CML patients,
with the Sokal score values, type of blast crisis, history of previ-
ous treatments and occurrence of clinical resistance. All CP and
AcP samples were obtained at the diagnosis stage, and the Sokal
score ranged from 0.58 to more than 1.5. All BC patients devel-
oped myeloid blast crisis and were clinically resistant to imatinib
and other tyrosine kinase inhibitors in two cases.

We observed that CD34* cells from healthy donors did not
show any significant signs of ER stress as determined by Grp78
expression (Fig. 1C). Also expression and phosphorylation of
PERK and elF2a proteins were below the detection level in
healthy donor cells compared with CML cells. On the other
hand, PERK and elF2a protein expression and phosphoryla-
tion levels were increased in CML cells. Cells from patients in
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the CP displayed different levels of PERK and elF2a proteins
expression and phosphorylation; however, these levels were sig-
nificantly lower than those observed in BC samples (Fig. 1C). In
all CML samples obtained from the BC stage of the disease, we
noticed a strong upregulation of PERK and elF2a phosphoryla-
tion. Interestingly, we saw a substantial upregulation of PERK
and elF2a phosphorylation in one sample derived from acceler-
ated phase of CML (Fig. 1C). When the ratios of phosphory-
lated STATS5, PERK or elF2a were normalized to actin levels, we
noticed that all ratios were increased in samples with progressed
CML disease. Interestingly, all BC samples obtained from
patients with resistance to imatinib and other tyrosine kinase
inhibitors showed ratios between 1.1-1.9, which were higher than
those measured in CP. This data indicated that upregulation of
the PERK-elF2a phosphorylation arm is associated with CML
progression as a result of increased BCR-ABL activity.
Induction of cell death by imatinib is associated with
suppression of the PERK-elF2a phosphorylation pathway.
We were interested to investigate whether the PERK-elF2a
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Figure 2. Induction of cell death by imatinib leads to inhibition of the PERK-elF2a phosphorylation pathway in mouse BCR-ABL-transfected cells. (A)
Apoptosis determined by the Annexin V test in cells incubated with imatinib. (B) Expression of PERK, PERK-pY615, elF2a or elF2a-pS51 proteins in cells
incubated with imatinib. (C) Expression of STAT5, STAT5-pY694, PERK, PERK-pY615, elF2a or elF2a-pS51 proteins and PARP cleavage in cells pre-incu-
bated with caspase inhibitor Z-VAD, followed by imatinib. (D) Inhibition of apoptosis by Z-VAD treatment in cells incubated with imatinib at different
concentrations. Percentage of apoptotic cells (upper panel) was determined by using the Annexin V test, and percentage of dead cells (lower panel)
was determined by propidium iodide exclusion test. The percentage of apoptotic or dead cells is shown as mean + SEM of three independent experi-
ments. (E) Expression of PERK, PERK-pY615, elF2a or elF2a-pS51 proteins in 32D-T3151 BCR-ABL cells. The ratio of phosphorylated to total elF2a protein
is indicated (P/T). The ratio was set to 1 for “0” time point (untreated).
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To examine the possibility that Figure 3. Inhibition of the PERK-elF2a phosphorylation pathway correlates with sensitivity to ima-
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tosis, we employed the caspase inhibi-
tor Z-VAD to prevent apoptosis in
imatinib-treated cells (Fig. 2C and D). Treatment with Z-VAD
did not affect the inhibitory effects of imatinib on BCR-ABL,
as shown by immunoblotting analysis of phosphorylated STATS
(Fig. 2C). However, Z-VAD significantly decreased the amount
of apoptosis detected in cells expressing BCR-ABL (Fig. 2D,
upper panel). In addition to Annexin V staining, inhibition of
cell death by Z-VAD treatment was confirmed by the propid-
ium iodide exclusion test (Fig. 2D, lower panel) as well as by the
inhibition of PARP cleavage (Fig. 2C). Although Z-VAD treat-
ment significantly protected cells from death, it did not prevent
the downregulation of PERK and elF2a phosphorylation and
protein levels, indicating that downregulation of the PERK-
elF2a phosphorylation arm is not an effect of increased apop-
tosis in imatinib-treated cells (Fig. 2C). Furthermore, inhibition
of the PERK-elF2a phosphorylation pathway was not a result
of side effects of imatinib, given that 32D cells expressing the
imatinib-resistant T315] BCR-ABL mutant were resistant to the
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downregulation of the PERK-elF2a phosphorylation arm and
apoptosis in response to imatinib (Fig. 2E and data not shown).
We next determined the relevance of our above observations
in the human CML cell lines BV173 and K562. We found that
both types of cells were resistant to imatinib treatment for a short
period of time and underwent imatinib-induced apoptosis after
prolonged treatment (Fig. 3A and B). Short-time imatinib treat-
ment inhibited phosphorylation of STAT5 (Fig. 3C and D, left
panels), consistent with recent data supporting the notion that
STATS is a substrate of BCR-ABL.?* However, PERK Y615 phos-
phorylation was not affected by the imatinib treatment in these
cells, indicating that tyrosine phosphorylation of PERK is rather
an autophosphorylation event of activated PERK.* Although the
PERK-elF2a phosphorylation arm was resistant to shorter treat-
ment with imatinib of BV173 and K562 cells, it became sensi-
tive to prolonged treatment (Fig. 3C and D, right panels). Given
that inhibition of apoptosis by Z-VAD treatment was unable to
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Figure 4. Inhibition of apoptosis by Z-VAD treatment in human K562 and BV173 cells incubated
with imatinib. (A) Levels of STAT5-pY694, STAT5, PERK, PERK-pY615, elF2a or elF2a-pS51 proteins
and PARP cleavage in K562 or BV173 cells pre-incubated with caspase inhibitor Z-VAD, followed
by imatinib. The ratio of phosphorylated to total elF2a protein is indicated (P/T). The ratio was
set to 1 for “0” time point (untreated). (B) Percentage of apoptotic cells (left panel) determined
by using the Annexin V test and percentage of dead cells (right panel) determined by propidium
iodide exclusion test. The percentage of apoptotic or dead cells is shown as mean + SEM of three

and further decreased the ability of K562
cells to form colonies in the presence of
0.25 or 0.5 wM imatinib (Fig. 6B). This
result is in line with our observation that
inhibition of the PERK-elF2a phosphor-
ylation pathway increases the sensitivity
to imatinib (Fig. 5C and D). Moreover,

rescue the inhibition of the PERK-elF2a phosphorylation arm in
imatinib-treated BV173 and K562 cells (Fig. 4), we conceivably
speculated that downregulation of the arm may be a cause rather
than an effect of imatinib-mediated apoptosis.

Inhibition of the PERK-eIF2a phosphorylation pathway
can sensitize CML cells to imatinib-mediated death. To fur-
ther address the role of the PERK-elF2a phosphorylation arm in
imatinib sensitivity, we examined whether its inactivation could
sensitize cells to imatinib-mediated death. To this end, PERK
activity was impaired by the expression of Myc-tagged domi-
nant-negative mutants such as the kinase dead PERK-K618A°
or PERK-Y615F.?" Furthermore, elF2a phosphorylation was
impaired by expression of the elF2a-S51A mutant, which dis-
plays a dominant-negative function.?® Expression of the mutant
forms was verified either by immunoprecipitation and immunob-
lotting analyses of the Myc-tagged PERK proteins (Fig. 5A) or
detection of decreased elF2a phosphorylation at S51 by immu-
noblotting (Fig. 5B). We found that expression of the mutant
forms was associated with increased apoptosis of untreated K562
and BV173 cells, indicating that the PERK-elF2a phosphoryla-
tion arm contributes to cell survival (Fig. 5C and D). We fur-
ther observed that expression of the mutant proteins increased
the sensitivity of K562 and BV173 cells to imatinib-mediated
death in a dose-dependent manner (Fig. 5C and D). These data
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we observed that cells with impaired
elF2a phosphorylation formed clones of
substantially smaller size than cells with an intact phosphory-
lated elF2a (Fig. 6C and D). Collectively, these data suggested
that the PERK-elF2a phosphorylation arm supports growth and
increases the leukemogenic potential of CML cells.

Discussion

BCR-ABL plays a key role in the activation of survival pathways
that contribute to the pathogenesis of CML.* For example, acti-
vation of ERK1/2, Src-family kinase Lyn, aberrantly activated
Hedgehog (Hh) or mTOR signaling have been proposed as sur-
vival pathways contributing to CML progression and imatinib
resistance.”? In addition to CML cells, quiescent BCR-ABL-
expressing leukemia stem cells (LSCs) also display resistance
to imatinib.’*** Thus, it is important to identify the signaling
mechanisms that are responsible for survival as potential targets
for therapeutic intervention.*

Our data demonstrate that increased ER stress in BCR-ABL-
transformed cells leads to the induction of the PERK-elF2a
phosphorylation pathway. The analysis of acute leukemia HL60
cells, which contain undetectable levels of phosphorylated PERK
and elF2q, indicated that oncogenic transformation of hemato-
poietic cells may not always be associated with an upregulation
of the PERK-elF2a phosphorylation arm. The mechanisms of
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upregulation of PERK and elF2« signaling are not immediately
clear but appear to depend on UPR, which is induced due to
increased ER stress from BCR-ABL expression. Increased Y615
phosphorylation of PERK, which is required for its maximal
activation,”’ was not impaired by imatinib, indicating that tyro-
sine phosphorylation of PERK is rather an autophosphorylation
process. Nevertheless, the possibility remains that PERK acti-
vation is primed by tyrosine phosphorylation from BCR-ABL,
which, in turn, is maintained at elevated levels as a result of
autophosphorylation.

We also show that the PERK-elF2a phosphorylation path-
way conveys a cytoprotective effect on CML cells and decreases
sensitivity to imatinib. One mechanism by which PERK medi-
ates the cytoprotective effects is the inhibition of oxidative DNA
damage.?> PERK was shown to mediate cell survival upon ER
stress through induction of the cellular inhibitor of apoptosis
proteins cIAP.** We found that the increased elF2a phosphor-
ylation supports growth and proliferation of CML cells and
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protects them from imatinib-mediated apoptosis. This is in line
with other studies showing a critical role of eIF2a phosphoryla-
tion in the protection of cells from apoptosis induced by hypoxic
stress,”?¢ chemotherapeutic drugs®* or drug inhibitors of glu-
cose metabolism.* How the PERK-eIF2a phosphorylation arm
mediates cytoprotection to imatinib treatment is not clear, but
it may be implied by findings linking autophagy to ER stress.
Autophagy is a protective mechanism that is essential for CML
cell survival, leukemogenesis and resistance to imatinib."%
Inasmuch as the PERK-eIlF2a phosphorylation arm contrib-
utes to induction of autophagy,® the possibility remains that
autophagy is a mechanism utilized by the arm to mediate ima-
tinib resistance in CML cells. It is important to emphasize that
PERK activation and elF2a phosphorylation is one arm of the
UPR that mediates resistance to imatinib treatment. Specifically,
it has been shown that BCR-ABL expression in mouse 32D cells
resulted in the upregulation of the IRE1 and ATF6 members of
UPR.* Thus, effective therapies that bypass imatinib resistance
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insertless vector, by t-Student test. (D) Picture of clones in control cells and cells expressing elF2a-S51A mutant.

in CML tumors may require simultaneous inactivation of all
three arms of UPR.

One of the key observations of our work is that the PERK-
elF2a phosphorylation pathway is detected in human CML sam-
ples, and that the levels of PERK and elF2a activation correlate
with stages of the disease and resistance to imatinib. Despite the
small sample size, our data show that cells in blast crisis with clin-
ical resistance to imatinib and other tyrosine kinase inhibitors
exhibit higher levels and phosphorylation of PERK and elF2a
compared with normal cells. Interestingly, the upregulation was
readily observed in accelerated phase tumors, indicating a corre-
lation with disease progression. Our work may have implications
in the diagnosis of CML disease given the limitation in diagnos-
tic molecular markers.” It is important to characterize genes and
proteins that distinguish between chronic phase and blast crisis,
and identify “molecular signatures” of blast crisis associated with
high malignancy and development of resistance.® Our work may
lead to the utilization of phosphorylated elF2a as reliable biologi-
cal marker of CML disease development and treatment.
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Materials and Methods

Cell culture and treatments. Mouse 32Dcl13 cells (CRL-11346)
and human K562 cells (CCL-243) were obtained from American
Type Culture Collection (ATCC). 32D cells transformed with
BCR-ABL and human BV173 cells were kindly provided by Dr.
Sharon McKenna.”# 32D cells expressing BCR-ABL bearing
the threonine 315 to isoleucine (T315I) substitution were kindly
provided by Prof. T. Skorski.* Peripheral blood monocytes
(PBMCs) from healthy donors were grown in RPMI 1640 with
10% FBS, 2 mM L-glutamine, 1% penicillin/streptomycin in the
absence or presence of phytohemagglutinin (PHA). CML CD34*
cells were obtained from bone marrow or blood from patients at
the Institute of Hematology and Blood Transfusion in Warsaw
(Poland) with patients’ consent and approval of the Ethical
Committee. CD34* cells were separated by gradient centrifuga-
tion by using human MACS® CD34"* kit (Miltenyi Biotec) or
human CD34* selection cocktail (StemCell Technologies, Inc.).
CD34* cells from healthy donors were isolated from buffy coats.
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CD34* cells were cultured in IMDM medium (Invitrogen) with
10% FBS, 1 ng/ml of granulocyte-macrophage colony-stimulat-
ing factor (GM-CSF), 1 ng/ml of stem cell factor (SCF), 2 ng/ml
of interleukin-3 (IL-3). Cells were treated with imatinib (a gener-
ous gift from the Pharmaceutical Research Institute, Warsaw).
Cells were treated with the pan-caspase inhibitor Z-VAD-FMK
(Calbiochem) at the final concentration of 40 M.

Protein extraction, western blot analysis and immunoprecip-
itations. Cells were lysed in a modified radio-immunoprecipita-
tion (RIPA) buffer as previously described.” The antibodies used
for the western blots were: c-ABL from Calbiochem, phospho-
elF2a (S51) from Invitrogen, BiP/Grp78 from BD Biosciences,
elF2a, phospho-PERK (T980), STATS, phospho-STATS (Y694)
and poly (ADP-ribose) polymerase (PARP) from Cell Signaling
Technology as well as PERK and phospho-PERK (Y615), as pre-
viously described.?! Immunoprecipitations were performed with
a mouse monoclonal antibody against the Myc epitope (9E10)
(Santa Cruz Biotechnology, Inc.) as described.?

Viability and apoptosis assays. Viability assays were per-
formed by incubating cells with propidium iodide (PI) (Sigma-
Aldrich) at the concentration of 50 pg/ml prior to analysis by
flow cytometry. Apoptotic cells were stained with Annexin V-PE
and 7-AAD and subjected to flow cytometry according to manu-
facturer’s specifications (BD PharMingen).

Transfection assays. Cells (1 x 10°) were transfected using
the Nucleofector (Nucleofector Technology, Lonza Verviers)
according to the manufacturer’s specification. Transfections were
performed with 2 pg of the following cDNAs in the pcDNA3.1
vector: elF2a-S51A,2 PERK-K618A,%2° or PERK-Y6I5E.*' As
control, 2 g of insert-less pcDNA 3.1 vector was used. The
transfection efficiency was determined by flow cytometry after
transfection of cells with the 2 g of the GFP-expressing vector
pEGEP-CI.

Cell growth and clonogenic assays. To determine the pop-
ulation doubling time (PD), cells were cultivated for 48 h (),
and the PD time was calculated from the initial (I) and final cell
number (E) according to the following equation: PD =t log 2 /
log E - log 1.

To determine the clonogenic potential, 5 x 10° cells were plated
in cytokine-free methylcellulose (MethoCult H40230, StemCell
Rechnologies, Inc.) with or without the addition of imatinib.
Colonies containing more than 40 cells were counted after 5 d
of culture. The diameters of 150 colonies were measured using
Olympus fluorescent microscope and Image Pro Plus program.

Data statistics. All data are shown as mean + SEM of three
independent experiments. Student’s t-test was used to calculate
statistical significance; *, p < 0.05; **, p < 0.005; ***, p < 0.0005.
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