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Our recent findings demonstrated that the Epstein-Barr virus-encoding small nonpolyadenylated RNA
(EBER) confers resistance to various apoptotic stimuli and contributes to the maintenance of malignant
phenotypes in Burkitt’s lymphoma. In this study we investigated the role of EBER in the human epithelial
Intestine 407 cell line, which is known to be susceptible to Fas (Apo1/CD95)-mediated apoptosis. Fas, a
member of the tumor necrosis factor receptor family, transduces extracellular signals to the apoptotic cellular
machinery, leading to cell death. Transfection of the EBER gene into Intestine 407 cells significantly protected
the cells from Fas-mediated apoptosis, whereas EBER-negative cell lines underwent apoptosis after Fas
treatment. EBER bound double-stranded RNA-dependent protein kinase R (PKR), an interferon-inducible
serine/threonine kinase, and abrogated its kinase activity. Moreover, expression of the catalytically inactive
dominant-negative PKR provided resistance to Fas-induced apoptosis. Expression of EBER or dominant-
negative PKR also inhibited the cleavage of poly(ADP-ribose) polymerase, a mediator of the cellular response
to DNA damage, downstream of the Fas-mediated apoptotic pathway. These results in combination indicate
that EBER confers resistance to Fas-mediated apoptosis by blocking PKR activity in Intestine 407 cells,
consistent with the idea that EBER contributes to the maintenance of epithelioid malignancies.

Fas (Apo-1/CD95), the receptor for Fas ligand (FasL), is a
member of tumor necrosis factor receptor family and is ex-
pressed in many cell types. Fas mediates apoptosis under at
least three kinds of physiological responses (1, 25): (i) periph-
eral deletion of activated mature T cells at the ends of an
immune response; (ii) killing of targets such as cancer cells or
virus-infected cells by cytotoxic T lymphocytes and NK cells;
and (iii) killing of inflammatory cells at “immune-privileged”
sites such as the eye. The ligation of FasL to Fas triggers the
recruitment and activation of an adapter protein, FADD (Fas-
associated death domain-containing protein) (4) and subse-
quent activation of caspase-8/FLICE (24), a family of cysteine
proteases. Activated caspase-8 targets Bid, a proapoptotic
member of the Bcl-2 family that can trigger a loss in mitochon-
drial transmembrane potential and cause an efflux of cyto-
chrome c into the cytoplasm (23). Cytochrome c on translo-
cating to the cytoplasm complexes with Apaf-1 to initiate
formation of the apoptosome and activates procaspase-9. The
initiation of both caspase-8 and -9, in turn, targets and activates
terminator caspases such as caspase-3, -6, and -7 (22, 40, 45).
These caspases target various proteins whose activities are
regulated by proteolytic cleavage. For example, caspase-3 is
responsible for cleavage of ICAD (30), resulting in oligonu-
cleosome DNA fragmentation (7). �-Fodrin, which is impor-
tant for the maintenance of membrane structure and cell sur-
face protein function, is also an important target cleaved by
caspases during apoptosis (43). Cleavage of �-fodrin leads to

membrane malfunctions and cell shrinkage. Poly(ADP-ribose)
polymerase (PARP), which is known as a mediator of the
cellular response to DNA damage, (6) is a target of caspase-3
and -7. During apoptosis, PARP is cleaved from its intact form
(110 kDa) into 85-kDa and 25-kDa fragments (37). This pro-
cess separates the amino-terminal DNA-binding domain of the
enzyme from the carboxyl-terminal catalytic domain, resulting
in the loss of function of PARP. Other members of the bcl-2
family, including Bcl-2 (antiapoptotic) and Bax (proapoptotic)
can also influence cell death, possibly by acting as outer mito-
chondrial membrane channel proteins that regulate cyto-
chrome release into the cytosol (19). Numerous viruses have
evolved a variety of strategies in order to antagonize Fas-
induced apoptosis via their viral components. For example,
adenovirus E1B protein, a Bcl-2 homologue, protects cells
from Fas-mediated apoptosis (5), and viral FLIPs encoded by
several gammaherpesviruses as well as the tumorigenic mol-
luscipoxvirus interfere with apoptosis triggered by death recep-
tors by sequestering FADD (39, 42). Other examples of viral
inhibitors include the p35 protein of baculovirus (3) and CrmA
of cowpox virus (38), which bind and inhibit multiple members
of the caspase family.

Epstein-Barr virus (EBV), a member of the family of the
human gammaherpesvirus, infects the majority of the human
population and establishes a life-long latent infection (16, 28).
EBV is associated with various human malignancies such as
Burkitt’s lymphoma (BL), AIDS-associated lymphoma, naso-
pharyngeal carcinoma and gastric carcinoma (GC). Two inde-
pendent studies have shown that the EBV early lytic protein
BHRF1, which has sequence homology to Bcl-2, confers resis-
tance to Fas-mediated apoptosis, suggesting that BHRF1 plays
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a role in maximizing viral production during EBV’s lytic cycle
(8, 15).

Our previous findings demonstrated that the EBV-encoded
small nonpolyadenylated RNAs (EBER1 and EBER2) con-
tribute to the maintenance of malignant phenotypes in BL
cells. EBER expression enables clonal growth in soft agarose,
tumorigenicity in immunodeficient mice, resistance to a variety
of apoptotic stimuli (18), and induction of human interleukin-
10, an autocrine growth factor for BL cells (17). More recently,
we found that EBER contributes to the protection from alpha-
interferon (IFN-�)-induced apoptosis by inhibition of the PKR
pathway in EBV-positive BL cells (26). However, any effect of
EBER on Fas-induced apoptosis remains unclear.

Here we have investigated the role of EBER in human
epithelial Intestine 407 cells, which are susceptible to Fas-
induced apoptosis. We have found that (i) transfection of the
EBER gene into Intestine 407 cells protected the cells from
Fas-mediated apoptosis; (ii) EBER bound PKR and inhibited
its kinase activity; (iii) expression of catalytically inactive dom-
inant-negative PKR inhibited Fas-induced apoptosis; and (iv)
expression of EBER or catalytically inactive dominant-nega-
tive PKR inhibited the cleavage of PARP. All these results
indicate that EBER can play a role in the resistance to Fas-
mediated apoptosis by inhibiting PKR activity and contributes
to the maintenance of EBV-positive epithelioid malignancies.

MATERIALS AND METHODS

Cell line and culture. The Intestine 407 epithelial cell line (kindly provided by
Tsutomu Chiba, Kyoto University), derived from human ileum (13), was main-
tained in Dulbecco’s modified Eagle’s medium (Sigma) supplemented with 10%
newborn calf serum (Invitrogen), penicillin (40 U/ml), and streptomycin (50
�g/ml) at 37°C in a 5% CO2 incubator. The EBV-positive BL Akata cell line (32,
33) was maintained in RPMI 1640 medium (Sigma) supplemented with 10% fetal
bovine serum (Sigma), penicillin (40 U/ml), and streptomycin (50 �g/ml) at 37°C
in a 5% CO2 incubator.

Plasmid, transfection, and cell cloning. The EBER expression plasmid con-
tains 10 tandem repeats of the EBER1 and EBER2 subfragment (bp 6288 to
7325) from the EcoRI K fragment of Akata EBV DNA and the neomycin
resistance (Neor) gene driven by the simian virus 40 (SV40) promoter (18).
Plasmids encoding the SV40-driven influenza virus-encoded hemagglutinin
(HA)-tagged, catalytically inactive protein kinase R (PKR) K269A mutant
(mPKR) and the SV40 promoter-driven FLAG-tagged PKR mutant that lacks a
double-stranded RNA (dsRNA)-binding domain were described previously (26).
Each of the plasmids was transfected into cells by Lipofectamine (Invitrogen)
according to the manufacturer’s instructions. For the cloning of stable transfec-
tants, transfected cells were cultured for 2 days and transferred to 96-well,
flat-bottom plates at 5,000 to 10,000 cells per well in complete culture medium
containing 700 �g/ml G418 (Gibco-BRL) for selection.

Northern blot analysis. Northern blot analysis was performed as described
with some modifications (44). Briefly, total RNA was isolated using TRI reagent
(Sigma). The RNAs (5 �g each) prepared from each cell clone were electropho-
resed in 1.5% agarose gel containing 0.66 M formaldehyde and were transferred
to a Hybond N� nylon membrane (Amersham Pharmacia Biotec). Probes were
prepared by PCR amplification using the primers 5�-AGGACCTACGCTGCC
CTAGA-3� (upstream) and 5�-AAAACATGCGGACCACCAGC-3� (down-
stream) for EBER1, 5�-AGGACAG CCGTTGCCCTAGTGGTTTCG-3� (up-
stream) and 5�-AAAAACAGCGGACAAGCCGA-3� (downstream) for EBER2,
and 5�-GCCTCCTGCACCACCAACTG-3� (upstream) and 5�-CGACGCCTG
CTTCACCACCTTCT-3� (downstream) for GAPDH (glyceraldehyde-3-phos-
phate dehydrogenase). PCR was carried out for 30 cycles consisting of a dena-
turing step for 30 s at 94°C, annealing for 30 s at 53°C, and extension for 1 min
at 72°C. Probe labeling was carried out using an AlkPhos direct labeling kit
(Amersham Pharmacia Biotech), and signals were detected with a CDP-Star
detection reagent (Amersham Pharmacia Biotech).

Apoptosis and caspase assay. For induction of Fas-mediated apoptosis, cells
were spread in six-well tissue culture plates at a density of 2.5 � 105 per well in

Dulbecco’s modified Eagle’s medium containing 10% newborn calf serum. After
24 h, cells (5 � 105) were incubated in complete medium containing 15 ng/ml
anti-Fas CH-11 monoclonal antibody (MBL) in the presence or absence of 2
�g/ml cycloheximide (CHX) for various times. To measure the induction of
apoptosis, cells were harvested with phosphate-buffered saline (PBS) containing
50 mM EDTA and then subjected to a sub-G1 apoptosis assay using a FACS-
calibur (Becton Dickinson) as described previously (26, 27). Caspase-8 and -9
activities were measured using a fluorometric protease assay kit (MBL) accord-
ing to the manufacturer’s instructions. Briefly, cells treated with CH-11 antibody
and CHX in six-well plates for various times were collected and lysed. Superna-
tants were incubated with Ile-Glu-Thr-Asp-AFC (where AFC is 7-amino-4-tri-
fluoromethyl coumarin) and Leu-Glu-His-Asp-AFC as a substrate for caspase-8
and -9, respectively, for 1 h at 37°C. The amount of free AFC cleaved from
substrate was determined using fluorescence detection (400 nm excitation and
505 nm emission).

UV cross-linking and immunoprecipitation. The binding of EBER to PKR
was examined by UV cross-linking and immunoprecipitation of PKR-RNA com-
plexes. Cells (2 � 106) were transfected with FLAG-tagged PKR plasmids by
Lipofectamine (Invitrogen) in 6-cm tissue culture dishes. At 48 h posttransfec-
tion, cells were washed with PBS and suspended in 2 ml of prechilled PBS. UV
irradiation was performed for 5 min with an 8-W germicidal lamp at a distance
of 4 cm (GC Gene Linker; Bio-Rad). N-laurylsarcosine was then added to the
cell suspension at a final concentration of 0.5% (wt/vol). Cells were washed with
PBS, harvested with PBS containing 0.5 mM EDTA, suspended in 200 �l of
immunoprecipitation buffer (20 mM Tris-HCl, pH 7.4, 0.15 M NaCl, 5 mM
EDTA, 1 �g/ml leupeptin, and 1 �g/ml pepstatin, and 1 mM phenylmethylsul-
fonyl fluoride [PMSF], 100-fold diluted phosphatase inhibitor cocktail I [Sigma]),
and lysed by sonication for 15 s. After centrifugation at 15,000 rpm for 10 min at
4°C, the supernatant was preincubated with 20 �l of protein G-Sepharose (Am-
ersham Pharmacia) in 1 ml of the same buffer for 1 h at 4°C. After centrifugation
at 10,000 rpm for 1 s at 4°C, the supernatant was incubated with the anti-FLAG
M2 antibody (Sigma) for 2 h at 4°C, followed by incubation with 20 �l of protein
G-Sepharose for 1 h at 4°C. The bound complexes were precipitated at 10,000
rpm for 1 s at 4°C, and the immunoprecipitants were treated with proteinase K
(final concentration, 10 �g/ml) and subjected to phenol extraction and ethanol
precipitation for RNA isolation. Three-tenths of the RNA was used for cDNA
synthesis. Thereafter, half of the synthesized cDNA was used for PCR for
EBER1, and the remaining half of the cDNA was used for PCR for EBER2.
One-fifth of the PCR product was subjected to agarose gel electrophoresis.

In vitro kinase assay. The kinase activity of FLAG-PKR was examined by in
vitro assay. The cells (5 � 106) were transfected with a FLAG-PKR expression
plasmid by Lipofectamine in a 10-cm tissue culture dish. At 48 h posttransfection,
the cells were washed with PBS, harvested with PBS containing 0.5 mM EDTA,
and lysed in buffer I (20 mM Tris-HCl, pH 7.5, 50 mM KCl, 400 mM NaCl, 1 mM
EDTA, 1 �g/ml leupeptin, 1 �g/ml pepstatin, 1 mM 2-mercaptoethanol, 1 mM
PMSF, 100-fold diluted phosphatase inhibitor cocktail I, 0.1% Triton X-100 and
20% glycerol). Cell extracts corresponding to 3 � 106 cells were preincubated
with 20 �l of protein G-Sepharose in 1 ml of buffer I for 1 h at 4°C. After
centrifugation at 10,000 rpm for 1 s at 4°C, the supernatant was incubated with
the anti-FLAG M2 antibody for 2 h at 4°C, followed by incubation with 20 �l of
protein G-Sepharose for 1 h at 4°C. Immunoprecipitants were washed in buffer
I three times, twice in buffer II (20 mM Tris-HCl, pH 7.5, 100 mM KCl, 0.1 mM
EDTA, 1 �g/ml leupeptin, 1 �g/ml pepstatin, 1 mM PMSF, 400-fold diluted
phosphates inhibitor cocktail I, and 20% glycerol), and then once in kinase
reaction buffer (20 mM Tris-HCl, pH 7.5, 50 mM KCl, 0.01 mM EDTA, 2 mM
MgCl2, 2 mM MnCl2, 0.1 mM PMSF, and 20% glycerol). Following the last wash,
the immunoprecipitants were resuspended in 20 �l of kinase reaction buffer
containing 2 �M [�-32P]ATP (3,000 Ci/mmol) (NEN) and incubated for 15 min
at 30°C. The reaction was stopped by the addition of 10 �l of fourfold-concen-
trated sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
sample buffer (500 mM Tris-HCl, pH 6.8, 10% SDS, 4% 2-mercaptoethanol,
0.4% bromophenol blue, and 40% glycerol). The samples were analyzed by 10%
SDS-PAGE, and phosphorylation was visualized by autoradiography. The
FLAG-PKR expression was determined by immunoblot analysis with anti-FLAG
M2 antibody.

Immunoblot analysis. Cells (1 � 105) were lysed in SDS-PAGE sample buffer,
sonicated, and boiled for 5 min. The cell lysate was separated in 10% polyacryl-
amide gels and transferred to a nitrocellulose membrane (Schleicher and
Schuell). After being blocked with Tris-buffered saline containing 2% nonfat dry
milk (TBS-M; pH 7.6), the membrane was incubated for 2 h at room temperature
with appropriate antibodies diluted in TBS-M. The antibodies used are mono-
clonal antibodies for FLAG-tagged protein (Sigma), �-actin (Sigma), PARP (BD
Pharmingen), and ICAD (MBL) and polyclonal antibodies for PKR (Santa
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Cruz), HA-tagged protein (Santa Cruz), Bid (BD Pharmingen), and �-fodrin
(BD Pharmingen). The membrane was washed three times in TBS-M containing
0.1% Tween 20 (TBS-T) and incubated with the secondary antibody, horseradish
peroxidase-conjugated sheep antibody to immunoglobulin (Amersham Pharma-
cia) diluted 1:5,000 to 1:10,000 in TBS-M. After the second antibody reaction,
the membranes were washed three times in TBS containing 0.1% Tween 20 and
immersed in enhanced chemiluminescence solution (Amersham Pharmacia) as
specified by the manufacturer, and subjected to autoradiography.

RESULTS

EBER confers resistance to Fas-mediated apoptosis in In-
testine 407 cells. To examine the effect of EBER on the In-
testine 407 epithelial cell line, we transfected an EBER-ex-
pressing plasmid that contains 10 tandem repeats of the
EBER1 and EBER2 subfragments of the Akata EBV genome
into Intestine 407 cells and isolated clones expressing them
stably. These clones showed similar levels of expression of
EBER to that of EBV-infected Akata BL cell clones. The
expression levels of EBER1 and EBER2 in the individual
clones were determined by Northern blot analysis (Fig. 1). We
then assessed the effect of EBER on Fas-induced apoptosis by
comparison of three individual EBER-expressing clones with
three cell clones expressing the neomycin resistance gene
(Neor) as controls. The EBER- and Neor-expressing cell
clones were incubated with and without 15 ng/ml anti-Fas
CH-11 antibody in the presence of 2 �g/ml cycloheximide,
which accelerates Fas-induced apoptosis, and flow cytometry
was used to assess apoptosis by measuring the sub-G1 content
of DNA in the cells. The Neor-expressing cell clones under-
went apoptosis after treatment with anti-Fas antibody, while
the EBER-expressing clones were relatively resistant to Fas-
mediated apoptosis (Fig. 2).

The effect of EBER on PKR autophosphorylation in Intes-
tine 407 cells. Our recent findings proved that EBER confers
resistance to IFN-�-induced apoptosis by blocking PKR activ-
ity in several BL lines. We therefore examined whether EBER
provides resistance to Fas-induced apoptosis by inhibiting
PKR activity in Intestine 407 cells. First we examined the effect
of EBER on PKR phosphorylation by an in vitro kinase assay.
EBER- and Neor-expressing cell clones were transfected with
a vector expressing FLAG-PKR and cultured for 48 h. FLAG-

PKR was then immunoprecipitated with anti-FLAG M2 anti-
body followed by an in vitro assay in which poly(I) · poly(C) is
added to activate the kinase. PKR was autophosphorylated in
EBER-negative cell clones, while its autophosphorylation was
significantly inhibited in EBER-expressing clones (Fig. 3).

The binding of EBER to PKR in Intestine 407 cells. To
clarify whether EBER binds to PKR in Intestine 407 cells
directly, we used a UV cross-linking assay. EBER- and Neor-
expressing cell clones were transfected with a FLAG-PKR
expression plasmid. After UV irradiation, the complexes of
FLAG-PKR and RNA were immunoprecipitated with anti-
FLAG M2 antibody, RNA was extracted from the immuno-
precipitants, and precipitated EBER was assayed by reverse
transcription-PCR. Both EBER1 and EBER2 were found to
be coprecipitated with FLAG-PKR in EBER-expressing cell
clones but not in the control clones (Fig. 4). Neither EBER1
nor EBER2 was precipitated with the FLAG-tagged PKR mu-
tant that lacks a dsRNA binding domain, indicating that the
binding of EBER to PKR is specific (Fig. 4, EBER*). A par-
allel experiment was carried out using EBER-expressing cells
transfected with a FLAG-PKR expression plasmid without UV
cross-linking treatment (Fig. 4, �UV). The result of this par-
allel experiment indicated that EBER1 and EBER2 were also
precipitated with anti-FLAG antibody, suggesting that the
binding affinity of EBER to PKR is sufficient to detect binding
even without UV cross-linking (21, 29, 41).

FIG. 1. EBER expression in Intestine 407 cell clones. EBER1,
EBER2, and GAPDH expression were examined by Northern blot
analysis in EBER- and Neor-expressing Intestine 407 cell clones. EBV-
infected Akata BL cells were used as a positive control.

FIG. 2. The effect of EBER on Fas-mediated apoptosis in Intestine
407 cells. Neor- and EBER-expressing Intestine 407 cell clones (2 �
105) were incubated in the medium with and without 15 ng/ml anti-Fas
CH-11 antibody in the presence of 2 �g/ml CHX in six-well plates for
16 h, and the frequency of apoptotic cells was determined by a sub-G1
apoptosis assay using flow cytometry. Results are expressed as the
means 	 standard deviations of triplicate wells.

FIG. 3. The effect of EBER on the phosphorylation of PKR in
Intestine 407 cells. Neor- and EBER-expressing Intestine 407 cell
clones (5 � 106) were transfected with a FLAG-tagged PKR-express-
ing plasmid by Lipofectamine. At 48 h posttransfection, FLAG-PKR
was immunoprecipitated with anti-FLAG M2 antibody and subjected
to an in vitro kinase assay in the presence of poly(I) · poly(C) (10
ng/ml). Phosphorylation of PKR was visualized by autoradiography.
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EBER confers resistance to Fas-mediated apoptosis by
blocking PKR activity. To investigate further whether EBER
provides resistance to Fas-induced apoptosis via blocking
PKR’s activity, Intestine 407 cells were transfected with a vec-
tor expressing HA-tagged, catalytically inactive PKR K269A
mutant (mPKR) (26), and clones expressing it stably were
isolated (Fig. 5A). These clones were treated with anti-Fas
CH-11 antibody and CHX and then analyzed for apoptosis.
The HA-mPKR-expressing clones showed significant resis-
tance to Fas-induced apoptosis (Fig. 5B), indicating that
EBER contributes to the protection of Intestine 407 cells from
the Fas-mediated apoptotic pathway by blocking PKR activity.

Characterizing EBER’s inhibition of Fas-mediated apopto-
sis. In order to characterize the mechanism by which EBER
down-regulates Fas-mediated apoptosis, several participants in
Fas-mediated death signaling were analyzed in EBER-,
mPKR- and Neor-expressing clones after treatment with
CH-11 antibody and CHX. Caspase-8 and -9 activities were
quantified by cleavage of their respective substrates, IETD-
AFC and LEHD-AFC. A substrate of caspase-8, Bid, and
substrates of caspase-3, PARP, ICAD, and �-fodrin were ex-
amined by immunoblot analysis to detect cleaved products. Fas
treatment initiated cleavage of PARP in Neor-expressing
clones but was inhibited in cells expressing EBER and mPKR
(Fig. 6B). However, neither EBER nor mPKR expression in-
hibited the cleavages of the other tested caspase-3 targets,
ICAD and �-fodrin, or of Bid (Fig. 6A). Also, no other signif-
icant differences were observed in other proapoptotic compo-
nents such as caspase-8, caspase-9 (Fig. 6B), and Bid (Fig. 6A)
in EBER-, mPKR- and Neor-expressing cells.

DISCUSSION

PKR is a key mediator of apoptotic signaling induced both
by IFN-� and dsRNA (26, 35). It is well understood that PKR
also simultaneously activates several different apoptotic path-
ways. Apoptosis induction by PKR can involve inhibiting trans-
lational initiation induced through phosphorylation of eIF2�

(12, 31). PKR also can induce apoptosis by activating TRAF
family proteins (9) and their NF-
B targets (12). The activa-
tion of NF-
B could contribute to the transcriptional upregu-
lation of several genes involved in apoptosis, such as FasL (34),
IRF-1 (36), c-Myc, (20), and p53 (46).

Several studies have also characterized the functional inter-
action between death receptor-induced apoptotic signals and
the PKR pathway. These studies showed that PKR induces
apoptosis through the activation of proapoptotic factors such
as FADD (2), caspase-8 (10), and caspase-9 (11). PKR-in-
duced apoptotic signaling through FADD has been shown to
be independent of the aggregation of ligand-induced death
receptors (2, 10). Moreover, expression of dominant-negative
PKR mutants completely inhibited apoptosis induced by Fas
(2, 35) (Fig. 5).

In this work we tested the effect of EBER expression on
several proapoptotic factors associated with Fas-mediated ap-
optosis and found that cleavage of PARP was significantly
inhibited in EBER-expressing cells (Fig. 6A). Furthermore,
the expression of mPKR also inhibited Fas-induced cleavage of
PARP. Interestingly, no other significant differences were ob-
served in other targets for caspase-3 including ICAD and �-fo-
drin (Fig. 6A) or in other proapoptotic components such as
caspase-8, caspase-9 (Fig. 6B), and Bid (Fig. 6A) in EBER-,
mPKR- and Neor-expressing cells. Our findings strongly sup-

FIG. 4. UV cross-linking assay for binding EBER to PKR in Intes-
tine 407. Neor- and EBER-expressing Intestine 407 cell clones (5 �
106) were transfected with a FLAG-tagged PKR-expressing plasmid by
Lipofectamine. As a control, an EBER-expressing cell clone was trans-
fected with a FLAG-tagged mutant PKR plasmid, which lacks the
dsRNA-binding domain (indicated as EBER*). At 48 h posttransfec-
tion, cells were treated with or without UV irradiation, and the bound
complexes were immunoprecipitated with anti-FLAG antibody. The
RNA fraction was extracted from the immunoprecipitants, and then
EBER1 and EBER2 RNAs were amplified by reverse transcription-
PCR.

FIG. 5. The effect of dominant-negative PKR (mPKR) on phos-
phorylation of PKR and Fas-mediated apoptosis in Intestine 407 cells.
A HA-tagged mPKR expression plasmid was transfected into Intestine
407 cells, and cell clones that stably expressed mPKR were selected
with G418. (A) The effect of dominant-negative PKR (mPKR) on the
phosphorylation of PKR. Expression levels of HA-tagged mPKR were
determined by immunoblot analysis using anti-HA polyclonal antibody
(top). Neor- and HA-tagged mPKR-expressing Intestine 407 cell
clones (5 � 106) were transfected with a FLAG-tagged PKR-express-
ing plasmid by Lipofectamine. At 48 h posttransfection, FLAG-PKR
was immunoprecipitated with anti-FLAG M2 antibody and subjected
to an in vitro kinase assay in the presence of poly(I) · poly(C) (10
ng/ml). Phosphorylation of PKR was visualized by autoradiography.
(B) The effect of mPKR on Fas-mediated apoptosis. Neor-, EBER-
and HA-mPKR-expressing Intestine 407 cell clones (5 � 105) were
incubated in the medium containing 15 ng/ml anti-Fas antibody and 2
�g/ml CHX for indicated times up to 36 h, and the frequency of
apoptotic cells was determined by a sub-G1 apoptosis assay using flow
cytometry. Results are expressed as the means 	 standard deviations
of triplicate wells.
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port EBER as being responsible for prevention of Fas-medi-
ated apoptosis by inhibition of PKR, although the detailed
mechanism remains to be clarified.

In a previous report we have shown that EBER plays a role
in the resistance to IFN-�-induced apoptosis by blocking the
PKR pathway in BL cells (26). IFN-� is an antiviral cytokine,
which is essential for the host’s innate immunity. We found
that EBER expression also contributed to the resistance to
IFN-�-induced apoptosis in Intestine 407 cells (data not
shown). We suggest that EBER plays a crucial role in the
survival of EBV-infected cells against host defense mecha-

nisms by blocking both innate and acquired immune responses
in epithelial cells.

In conclusion, our findings provide the first evidence that
EBER confers resistance to Fas-mediated apoptosis. Recently,
we have shown that EBER promotes insulin-like growth factor
1 expression in the GC-derived EBV-negative cell line NU-
GC-3 and that the secreted insulin-like growth factor 1 acts as
an autocrine growth factor (14). Taken together, these findings
strongly suggest that EBER plays an important role in the
development of not only EBV-associated lymphoid malignan-
cies but also epithelioid malignancies.

FIG. 6. Characterizing EBER’s inhibition of Fas-mediated apoptosis. Neor-, EBER- and mPKR-expressing cells (5 � 105) were incubated in
the presence of 15 ng/ml anti-Fas antibody and 2 �g/ml CHX for the indicated times. (A) The effect of EBER and mPKR expression on cleavage
of Bid, PARP, ICAD, and �-Fodrin. After Fas-treatment, cells were harvested and the cleavages of Bid, PARP, ICAD, and �-fodrin were analyzed
by immunoblot analysis. (B) The effect of EBER and mPKR expression on the activities of caspase-8 and -9. At the indicated times, cells were
collected and caspase activities were quantified by cleavage of IETD-AFC and LEHD-AFC as a substrate for caspase-8 and -9, respectively. The
amount of free AFC cleaved from substrate was determined using fluorescence detection (400 nm excitation and 505 nm emission). The results
are expressed as the means 	 standard deviations of triplicate wells.
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