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Activated double-stranded RNA (dsRNA)–dependent protein kinase PKR is a potent growth inhibitory protein
that is primarily activated in virally infected cells, inducing cell death. Here we investigate whether selective
activation of PKR can be used to kill cancer cells that express mutated genes containing deletions or chromo-
somal translocations. We show that antisense (AS) RNA complementary to fragments flanking the deletion or
translocation can produce a dsRNA molecule of sufficient length to activate PKR and induce cell death follow-
ing hybridization with mutated but not wild-type mRNA. Using the U87MG∆EGFR cell line, which expresses a
truncated form of epidermal growth factor receptor (EGFR), ∆(2-7) EGFR, we found that expression of a 39-
nucleotide (nt) AS RNA complementary to the unique exon 1 to 8 junction caused selective death of cells har-
boring the truncated EGFR both in vitro and in vivo but did not affect cells expressing wild-type EGFR. A
lentiviral vector expressing the 39-nt AS sequence strongly inhibited glioblastoma growth in mouse brain when
injected after tumor cell implantation. This PKR-mediated killing strategy may be useful in treating many can-
cers that express a unique RNA species.
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PKR is a double-stranded RNA–dependent serine–threonine pro-
tein kinase that phosphorylates the α-subunit of protein synthesis
initiation factor eIF-2, resulting in sequestration of GDP–GTP
exchange factor eIF-2B and inhibition of translation initiation1.
Activation of PKR induces cell death by apoptosis and by inhibition
of protein synthesis2. Activation of PKR involves two molecules
binding in tandem to dsRNA and subsequently phosphorylating
each other3. Double-stranded RNA molecules shorter than 30 base
pairs (bp) fail to stably bind PKR and do not activate the enzyme.
Molecules longer than 30 bp bind and activate the enzyme with an
efficiency that increases with increasing chain length, reaching a
maximum at ∼ 85 bp4.

In many cancers, chromosomal rearrangements and truncations
lead to the production of unique mRNA species. In principle, a can-
cer cell could be infected with a viral vector encoding AS RNA
between 30 and 85 nucleotides long that complements the unique
mRNA sequences flanking the fusion point or truncation. Upon
hybridization, a dsRNA molecule would be generated that is suffi-
ciently long to activate PKR. In normal cells, however, the flanking
sequences would be far apart, and only short dsRNA species would
be formed. These short dsRNA species would not be long enough to
activate PKR4 (Fig. 1). Thus, if the AS RNA were expressed in all cells,
only the cancer cells would die. This strategy might be applicable to
any malignancy characterized by deletions or translocations.

Here we show that expression of a 39-nt AS RNA complementary
to the unique junction of ∆EGFR mRNA caused selective death of
U87MG∆EGFR cells harboring the truncated EGFR both in vitro
and in vivo but did not affect cells expressing wild-type EGFR. The

involvement of PKR in selective death of U87MG∆EGFR cells was
revealed in experiments demonstrating cell-specific activation of
PKR induced by ∆EGFR antisense, strong inhibition of total transla-
tion, and rescue of the cells by treatment with a PKR inhibitor or co-
expression of PKR protein inhibitors.

Results
Antisense RNA–expressing vector. We used glioma U87MG cells
and their derivative cell lines U87MG-wtEGFR, which overexpresses
the wild-type EGF receptor, and U87MG∆EGFR, which overexpress-
es the truncated ∆(2-7) EGFR5,6. The latter represents the most
malignant form of glioblastoma5. The gene for ∆(2-7) EGFR con-
tains a deletion of 801 nucleotides in the coding sequence of the
extracellular domain5. We constructed a vector for expression of a
39-nt AS RNA complementary to the fragments of EGFR mRNA
flanking the deletion. The ∆EGFR AS sequence was first cloned into
a U6-expressing plasmid7. In this construct, the U6 small nuclear
RNA promoter controls transcription of the subcloned gene by RNA
polymerase III, generating up to 5 × 106 short RNA molecules per
cell after transfection7. The AS RNA produced from the plasmid does
not contain excessive flanking sequences7 that could interfere with
access to the target RNA.

Plasmid p∆EGFR-AS was designed so that hybridization of the
AS RNA with ∆(2-7) EGFR mRNA would yield a double-stranded
molecule with sufficient length to activate PKR. However,
hybridization of one half of the AS RNA with wild-type EGFR
mRNA would yield a dsRNA too short to activate PKR (Fig. 1). The
sense RNA–expressing plasmid was also constructed (p∆EGFR-S).
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To overcome the low transfection efficiencies of the plasmids
(single transfection efficiency, 30%), we also constructed AS RNA–
and sense RNA–expressing lentiviral vectors with high infection
efficiency (100%). Lentiviral vectors efficiently infect cells that can-
not be infected or transfected by other vectors8, providing a sub-
stantial advantage for lentiviral vectors over other delivery systems
in gene therapy of cancer.

Effect of ∆EGFR AS RNA on cell growth in vitro. Single infec-
tion of the AS-expressing vector resulted in the death of >90% of
U87MG∆EGFR cells grown in monolayer, whereas we observed no
substantial effect on either U87MG cells or U87MG cells overex-
pressing the wild-type EGFR (Fig. 2A). We observed a similar effect
on cells grown in soft agar (Fig. 2B). Moreover, triple infection with
the AS-encoding lentiviral vector almost completely eliminated
established U87MG∆EGFR colonies with no substantial effect on
colony growth of control lines (Fig. 3). The most likely reason that
10% of cells survived the single AS treatment (Fig. 2) is lack of
infection of these cells.

Effect of ∆EGFR AS RNA on proliferation of U87MG∆EGFR
cells in subcutaneous xenografts. U87MG∆EGFR cells were subcu-
taneously co-injected with the appropriate vector into nude mice
and tumor growth was measured. Tumor volumes were reduced
70–75% in AS-treated mice as compared with controls (Fig. 4A).
Analysis of the cryostat sections of the AS-infected tumors by fluo-
rescent microscopy did not detect green fluorescent protein
(GFP)–expressing cells (data not shown). We concluded that
tumors in the AS group had grown from uninfected cells.

Effect of ∆EGFR AS RNA on proliferation of U87MG∆EGFR
cells in intracranial xenografts. U87MG∆EGFR cells were stereo-
tactically implanted into the brain of nude mice. Two days later,
triple injections of the vectors were carried out. The effect was mea-
sured by volumetric analysis of the implanted tumors and by the
survival period of the animals. The AS-treated group showed >40-
fold tumor-volume reduction as compared with the controls (Fig.
4B, C). In agreement with our previous results, analysis of the cryo-
stat sections of the AS-infected intracranial tumors by fluorescent
microscopy showed that tumors in the AS group had grown from
uninfected cells (data not shown). The survival period for control

animals was between 28 and 32 days (Fig. 4D). In contrast, at 60
days after implantation, all animals in the AS group were alive, and
none showed any signs of raised intracranial pressure (Fig. 4D).

Involvement of PKR in the death of U87MG∆EGFR cells. To
study PKR involvement in cell killing, we first examined PKR activ-
ity in the cells. PKR activation in U87MG cells infected with AS-
expressing vector was identical to that of sense-infected or untreat-
ed cells (Fig. 5A). In contrast, infection of U87MG∆EGFR cells
with AS RNA–expressing vector led to strong PKR activation com-
parable to that of cells transfected with the synthetic dsRNA mole-
cule polyI-C, a universal activator of PKR (Fig. 5A). PKR activation
was completely inhibited in cells treated with the PKR inhibitor 2-
aminopurine (2-AP)9. Infection of U87MG∆EGFR cells with AS
RNA–expressing vector also stimulated phosphorylation of
endogenous eIF-2α, whereas in U87MG cells, phosphorylation of
eIF-2α remained at the same level (Fig. 5A).

We examined next whether AS-induced activation of PKR leads
to global inhibition of protein synthesis. Infection of the
U87MG∆EGFR cells with AS-expressing vector resulted in an
eightfold reduction in total translation (Fig. 5B). Elimination of
this effect through treatment of the AS-infected cells with 
2-aminopurine suggests that PKR was directly involved in the trans-
lation inhibition. Infection of the cells with AS-expressing vector did
not substantially affect expression of wild-type EGFR (Fig. 5C).
Similarly, infection of the U87MG∆EGFR cells did not substantially
affect expression of the truncated form of EGFR (Fig. 5C).

Treatment with 2-aminopurine of the U87MG∆EGFR cells infect-
ed with AS-expressing vector rescued the cells (Fig. 6A), further sup-
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Figure 1. Mechanism of specific activation of PKR in U87MG∆EGFR
cells. Antisense RNA of a specific length, complementary to fragments
flanking the deletion in EGFR mRNA, can produce a dsRNA molecule of
sufficient length to activate PKR and induce cell death upon hybridization
with mutated, but not wild type, EGFR mRNA.

Figure 2. Effect of ∆EGFR AS RNA on the growth of glioma cells in vitro.
(A) Effect of infection of ∆EGFR AS RNA–expressing vector on growth of
glioma cells in monolayer. Cells were seeded in a 96-well plate, grown
overnight, infected with the appropriate vector (S, sense; AS, antisense;
empty vector is the original SIN-PGK vector), and stained with methylene
blue. The percentage of surviving cells was calculated relative to
untreated cells (UT). (B) Effect of ∆EGFR AS RNA on growth of glioma
cells in soft agar. Cells of each line were seeded on soft agar and
infected. Two weeks later, after colonies were formed, the MTT assay was
carried out.
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porting the involvement of PKR in cell death. Furthermore, cotrans-
fection of a plasmid encoding a transdominant-negative mutant of
PKR, PKR∆6 (ref. 10), with p∆EGFR-AS almost completely abrogat-
ed the effect of p∆EGFR-AS transfection alone (Fig. 6B).
Transfection of plasmids encoding E3L and K3L—vaccinia virus
proteins that inhibit PKR11—had similar effects (Fig. 6B).

Using annexin V binding and the terminal deoxynucleotidyl
transferase (TdT)–mediated dUTP nick-end labeling (TUNEL)
assay, we determined next whether the ∆EGFR-AS-induced activa-
tion of PKR leads to apoptosis. Apoptotic death of U87MG∆EGFR
cells infected with AS-expressing vector was clearly seen (Fig. 7A, B),
whereas, as expected, no effect was observed in U87MG cells.

Discussion
Taken together, these results demonstrate the selective growth inhi-
bition of U87MG∆EGFR cells through specific stimulation of PKR
activity by a unique dsRNA, supporting the model proposed in
Figure 1. The dsRNA was generated in situ by infection with the
appropriate viral vector coding for a short unique AS RNA molecule.

Antisense RNA can inhibit specific gene expression by inhibiting
transcription, mRNA processing, transport, or translation12.
Recently, a novel mechanism, RNA interference, was used to inhibit
gene expression in cultured mammalian cells13. Our results show
that the delivery of 39-nt ∆EGFR AS RNA–encoding vectors to
U87MG∆EGFR cells results in activation of PKR (Fig. 5A) and
inhibition of total cellular translation (Fig. 5B), rather than inhibi-
tion of expression of the wild type or the truncated EGFR alone
(Fig. 5C). It also results in strong inhibition of cell proliferation
(Figs 2–4) and massive apoptosis (Fig. 7). However, AS RNA can
inhibit specific gene expression by other mechanisms. For example,
AS RNA can be designed to inhibit mRNA processing and/or trans-

port to the cytoplasm, thereby precluding cytoplasmic PKR
activation. The use of long AS RNA may inhibit nuclear export
of target mRNA by blocking recruitment of nuclear mRNA-
export factors, including Tap, p15, and heterogeneous nuclear
ribonucleoproteins to the mRNA. Therefore, relatively short
AS RNA (up to 85 nt) should be used for the strategy
described here. Alternatively, activation of PKR and phospho-
rylation of eIF-2α may occur in a localized manner, inhibiting
translation of a particular mRNA without affecting total cellu-
lar translation. In addition, AS RNA targeted to the AUG
codon in the mRNA (and flanking regions) may specifically
inhibit a particular mRNA species by blocking binding to the
translation initiation complex.

dsRNA can also activate the 2′-5′ oligo-adenylate syn-
thetase–RNase L system, which contributes to shutting down
protein synthesis14. Furthermore, dsRNA is capable of activat-
ing JNK and p38, which can contribute to the pro-apoptotic
effects of dsRNA15. In the experimental system we have investi-

gated here, these mechanisms do not seem to play a substantial role,
as cell growth was rescued by specific PKR inhibitors (Fig. 6). In
other systems, however, these mechanisms may contribute to the
selective death of the cells harboring aberrant mRNA species.

Before implementing the dsRNA killing strategy, the expression of
PKR and PKR activity status should be examined. In cases where
cancer cells exhibit diminished PKR activity2, cells could be treated
with interferon to enhance PKR expression1, as long as PKR is not
mutated or inhibited by a strong inhibitor16. Many mRNA species
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Figure 3. Elimination of the U87MG∆EGFR colonies by ∆EGFR AS
RNA. Cells were seeded as in Figure 2B. Two weeks later,
established colonies were infected three times with the appropriate
vector. The effect was analyzed by visualization of the colonies
using a microscope with digital camera. Bar, 100 µm.

Figure 4. Inhibition of proliferation of U87MG∆EGFR cells in vivo by
∆EGFR AS RNA. (A) U87MG∆EGFR cells were subcutaneously co-
injected with the antisense- or sense-expressing vector into nude mice
and tumor growth was measured. (B) Inhibition of intracranial tumor
growth by ∆EGFR AS RNA volumetric analysis. (C) Photograph of excised
intracranial tumors. (D) Increased survival period of animals bearing
intracranial tumors with AS treatment. Animals were killed at survival end
point. Percent survival was calculated as number of animals alive per total
number of animals in the beginning of the survival experiment (five in
each group).
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unique to tumors have not yet been identified. The dsRNA killing
strategy can be directed against an mRNA of unknown function,
provided that the mRNA is expressed specifically in the target cells.
Thus the approach described here may be applicable to the treatment
of a wide range of cancers and other proliferative disorders in which
chromosomal translocation and truncational mutations occur. One
potential problem is that the AS RNA will function as a classical anti-
sense RNA, inhibiting expression of the target gene without activat-
ing PKR. Another possibility is that the AS RNA will fail to bind its
target as expected. Yet another possibility is that the PKR activation
pathway may be inhibited as a survival benefit for the cancer cell.

Despite recent advances in the development of gene delivery sys-
tems, there is still no ideal gene-therapy vector for the treatment of
glioblastoma. Existing systems are efficient in vitro and in vivo when
co-injected simultaneously with the tumor cells. However, these sys-
tems are far less efficient when used against established tumors, the
clinically relevant model. It is likely that the low in vivo infection effi-
ciency of the vectors is related to the histological structure of
glioblastomas—very solid tumors that are almost completely imper-
meable to the diffusion of large particles such as viruses. As a result,
only the cells directly exposed to the vector undergo infection. When

a vector is injected systemically or close to the tumor, only the super-
ficial tumor cells are infected. When the vector is injected directly
into the center of the tumor, only the cells in the center and the
superficial cells are infected. Because the ratio of the number of
superficial cells to the number of total cells of the tumor decreases
quickly as tumor volume increases, infection efficiency is very low
even in small tumors (less than 1%).

We waited two days between implantation of the tumor cells and
first injection of the vector. We believe that tumors grown for two
days are relevant models of cancer cells or non-removable
micrometastases that remain after the bulk of a tumor has been sur-
gically removed. These cancer cells go on to proliferate and generally
kill the patient within a year of initial surgery17. Our results suggest
that the near-complete elimination of cultured glioma cells can be
achieved through repeated infection (Figs 3, 4), a strategy that might
be beneficial in patients.

Experimental protocol
Vectors. The 39-bp antisense and sense oligonucleotides corresponding to 20-nt
and 19-nt fragments of ∆2-7 EGFR mRNA immediately flanking the deletion
region were synthesized and cloned into the XhoI and NsiI sites of the U6
expression plasmid obtained from J. Grandis7. Sequences of the inserts were:
p∆EGFR-AS, 5′-TCTGTCACCACATAATTACCTTTCgTTTCCTCCAGAGCC-
3′; p∆EGFR-S, 5′-GCTCTGGAGGAAAAGAAAGGTAATTATGTGGTGACA-
GAT-3′.

Underlined nucleotides represent the junction point. Upon hybridization
with wild-type EGFR mRNA, the AS RNA produces two dsRNA fragments
of 20 bp and 19 bp. Upon hybridization with ∆2-7 EGFR mRNA, the AS
RNA produces a single 39-bp dsRNA fragment.

The transcription termination signal for RNA polymerase III is a string of
four or more thymidine residues18. To prevent early termination of transcrip-
tion, the thymidine residue at position 25 of p∆EGFR-AS was replaced by
guanine (represented by lowercase boldface letter). As binding and activation
of PKR by dsRNA can tolerate a single-base mismatch19, this replacement
should not interfere with PKR activation. The reason for choosing 39 nt and
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Figure 6. Rescue of the U87MG∆EGFR cells by PKR inhibitors. (A) Effect
of 2-aminopurine on cell survival. Cells were grown and infected as in
Figure 2A. Cells were treated with 2-AP where indicated. (B) Effect of E3L,
K3L, and PKR∆6 on survival of the cells. Cells were transfected three
times with the appropriate plasmids. In both panels, survival rate of the
cells was calculated as in Figure 2A.

Figure 5. Involvement of PKR in death of U87MG∆EGFR cells. (A) Activation
of PKR in glioma cells. Cells either untreated (UT), transfected with PolyI-
C (p-IC), or infected with the appropriate vector and treated with 2-AP
were lysed and PKR activation was determined. (B) Effect of infection of
AS RNA–expressing vector on total translation in glioma cells. Cells were
infected with the appropriate vector and treated with 2-AP where
indicated, followed by 35S[Met] pulse–chase. Cells were trypsinized and
equal volumes were taken for determination of total protein labeling and
total mRNA concentrations. The graph shows fold inhibition of total protein
labeling/total mRNA ratio with respect to untreated (UT) cells. (C) Effect of
AS RNA on expression of EGFR. Cells were seeded at a density of 5 ×
105 per 6-cm diameter Petri dish and grown overnight. Cells were lysed
and equal amounts of protein from each line were electrophoresed and
blotted. Blots were probed with rabbit polyclonal antibody against EGFR
(Santa Cruz). Bands at 140 kDa and 155 kDa represent truncated forms
of EGFR; 170 kDa band represents wild-type EGFR5.
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not 40 nt was to prevent the possible pro-
duction of a transcript containing an extra
sequence of XhoI site. When hybridized
with wild-type EGFR mRNA, such a tran-
script would generate a dsRNA of 24 bp,
which could theoretically activate PKR. All
sequences were verified by sequence analy-
sis. For lentiviral vector production, the U6
cassette was excised from p∆EGFR-AS and
p∆EGFR-S by BamHI–EcoRI digestion,
filled in, and ligated with SIN-PGK transfer
vector20, which was digested with XhoI and
filled in. Clones with an insert orientation
preserving the direction of transcription
from the 5′ long terminal repeat sequences
of the plasmid and the U6 promoter were
selected. Virus was obtained by transient
cotransfection of the constructed plasmids
with pMD.G and pCMVDR8.91 plasmids20

into the 293T cell line as described else-
where21. SIN-PGK vector encodes GFP
under regulation of the PGK promoter,
providing convenient calculation of virus
titer and infection efficiency by visualiza-
tion of the infected cells through fluores-
cent microscopy or fluorescence activated
cell sorting. The expression of antisense and
sense RNA was verified by RNase protec-
tion analysis after infection of the cells (data
not shown).

Methylene blue staining of cells. Cells were
seeded into 96-well plates at a density of
6,000 cells in 200 µl of medium6 per well
and grown overnight. After appropriate treatment, cells were fixed with glu-
taraldehyde at 0.5% (vol/vol) final concentration. Cells were then washed
three times with double-distilled H2O and once with 200 µl of borate buffer
(0.1 M, pH 8.5). Cells were then stained with 200 µl of 1% (vol/vol) methyl-
ene blue dissolved in borate buffer. After extensive washing and drying, the
color was extracted with 200 µl of 0.1 M HCl for 1 h at 37°C and the
absorbance was read in an enzyme-linked immunosorbent assay (ELISA)
reader at 630 nm.

Growth of glioma cells in soft agar. Cells (5,000) of each cell line were seeded
on soft agar as described elsewhere22. After 48 h, 100 µl of appropriate virus
containing-medium was added where indicated (Fig. 2B). Concentrations of
the viruses were 1 × 106 IU/ml. Two weeks later, MTT assay was carried out as
described elsewhere22.

For determination of effect on established colonies, cells were seeded as
described above. Two weeks later, colonies were established and infected
three times with 2 × 105 IU of appropriate vector. Interval times between
infections were 24 h. Colonies were visualized and photographed 48 h after
last infection using a microscope (Olympus, Melville, NY) connected to a
digital camera (Pixera, Los Gatos, CA).

Growth of glioblastoma cells in subcutaneous xenografts. In recent publi-
cations23,24, the in vivo effect of anticancer agents has been tested by co-
implantation of the agents with the glioma cells. Therefore, for subcutaneous
inoculation, 1 × 106 U87MG∆EGFR cells were mixed with appropriate viral
vector (4 × 106 IU) in total volume of 0.2 ml of PBS and injected immediately
into the left flank of five- to six-week-old female nude mice of CD-1 back-
ground (untreated (UT, no vector used in infection), n = 6; sense (S), n = 7;
antisense (AS), n = 7). The growing tumors were measured weekly with a
caliper using width (a) and length (b) measurements ([a2b]/2, where a < b).

Growth of glioblastoma cells in intracranial xenografts. U87MG∆EGFR cells
(1 × 104) in 5 µl of PBS were implanted into the right corpus striatum of CD-1
nude mice (n = 30) as described previously5. Animals were separated into three
groups (UT, n = 10; S, n = 10; AS, n = 10). Concentrated vectors (S and AS) in a
volume of 5 µl (∼ 5 × 108 IU/ml) were injected at tumor-injection site two, four,
and six days post implantation. Animals in UT group received cells only.

Animals were checked daily for the development of symptoms associated
with the progression of implanted tumors: hemiplegia, moribund state, or
inability to feed or drink. The effect was calculated by measuring tumor size
and survival period of the animals. To measure tumor size, five animals in
each group were sacrificed at day 21 post implantation. Tumors were
removed, photographed, and measured after fixation with 4% (vol/vol)
paraformaldehyde using calipers. Tumor volumes were calculated as product
of length, width, and height (mm3). In a survival experiment (five animals in
each group), survival end point was appearance of the symptoms described
above. Animals were killed with an overdose of anesthetic. Animal experi-
ments were conducted in accordance with the Hebrew University (Jerusalem,
Israel) guidelines for the care of laboratory animals.

PKR activity assay. Cells were seeded at a density of 5 × 105 per 6-cm diam-
eter Petri dish and grown overnight. Cells were then infected with appro-
priate vector and treated with 5 mM of 2-aminopurine (Sigma, Rehovot,
Israel, final concentration) where indicated. PolyI-PolyC (Pharmacia,
Rehovot, Israel, 25 µg/ml) was transfected using Fugene6 transfection
reagent (Roche, Keisaria, Israel) 1 h before lysis. At 20 h after infection,
cells were lysed with 200 µl of lysis buffer 1 (20 mM Tris-HCl, pH 7.5,
5 mM MgCl2, 50 mM KCl, 400 mM NaCl, 2 mM dithiothreitol, 20%
(vol/vol) glycerol, 20 mM β-glycerophosphate, 100 mM NaF, 10 µg/ml
phenylmethylsulfonyl fluoride (PMSF), 10 µg/ml aprotinin, 1% (vol/vol)
Triton X-100) and the samples were centrifuged at 12,000g for 5 min at
4°C to remove cell debris. From each sample, 50 µg was used for western
blot to determine phosphorylation of endogenous eIF-2α . For determina-
tion of PKR activity, 80 µg of each sample was incubated for 20 min at
37°C with 0.5 µg of recombinant eIF-2α25 in reaction buffer (20 mM Tris-
HCl, pH 7.5, 2 mM MgCl2, 2 mM MnCl2, 50 mM KCl, 5% (vol/vol) glyc-
erol, 10 mM NaF, 100 mM ATP). Samples were then electrophoresed and
blotted. The blots were then probed with either mouse monoclonal anti-
PKR antibody (RiboGene, Hayward, CA), rabbit polyclonal antibody
against phosphorylated form of eIF-2α  (Research Genetics, Jerusalem,
Israel), or goat polyclonal anti-eIF-2α antibody (Santa Cruz
Biotechnology, Santa Cruz, CA) using the electrochemiluminescence pro-
cedure as described in manufacturer’s protocol (DuPont (Wilmington,
DE) RENAISSANCE western blot chemiluminescence reagents). Anti-
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Figure 7. Induction of apoptosis in U87MG∆EGFR cells. (A) Annexin binding. Apoptotic death was detected
24 h after infection. (B) TUNEL assay, carried out 30 h after infection.
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goat, anti-rabbit, and anti-mouse antisera labeled with horseradish perox-
idase were obtained from Jackson ImmunoResearch Laboratories (West
Grove, PA).

Translation. Cells were seeded into a 6-well plate at a density of 200,000
cells per well and grown overnight. Cells were then infected with 400,000 IU
of the appropriate vector and treated with 5 mM of 2-AP where indicated.
After 20 h, cells were washed twice with PBS and methionine-free medium
was added. Cyclohexamide was added where indicated at 100 µM final con-
centration. After 1 h, [35S]Met was added (50 µCi/ml) for 20 min. Cells were
then washed twice with PBS and trypsinized, and equal volumes were taken
for determination of total protein labeling and total mRNA concentration
(below). Cells were lysed using 100 µl of lysis buffer 2 (10% (vol/vol) glyc-
erol, 0.05 M Tris-HCl, pH 6.8, 5% (wt/vol) β-mercaptoethanol, 3% SDS
(vol/vol), 0.25% (wt/vol) Bromophenol blue, 100 µg/ml PMSF, 1 mg/ml
aprotinin). Lysates (5 µl) were then transferred to small pieces of Whatman
(Kent, UK) blotting paper, and the radioactivity was counted in a β-counter
(Packard, Rehovot, Israel).

mRNA concentration determination. Total RNA was extracted using the
EZ-RNA kit (Beith-Ha Emek, Israel). Total mRNA was then extracted
using the PolyA Tract mRNA Isolation System III (Promega, Rehovot,
Israel). Concentration of the mRNA was calculated according to the man-
ufacturer’s instructions.

Transfection of PKR inhibitors. Cells were grown as described in Figure 2A.
Cells were then transfected three times at 24 h intervals with 0.1 µg of each of
the appropriate plasmids using Fugene6 transfection reagent (Roche) accord-
ing to manufacturer’s instructions. The survival rate of the cells was calculat-
ed as in Figure 2A.

Determination of apoptosis. Cells were seeded into 24-well plates (10,000 per
ml medium per well) and grown overnight. After appropriate treatment, cells
were washed, fixed, and stained using Annexin-V-Biotin kit (Roche) according
to manufacturer’s instructions. Apoptotic death was determined by TUNEL
assay using In Situ Cell Death Detection kit (Roche). Cisplating (30 µM, final
concentration) was used as a positive control. The brown-colored apoptotic
cells were detected by microscope and photographed using a digital camera.
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