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Abstract
We studied the involvement of interferon-regulated, PKR on 2-ME–mediated actions in human
osteosarcoma cells. Our results show that PKR is activated by 2-ME treatment and is necessary for
2-ME–mediated induction of osteosarcoma cell death.

Introduction—Osteosarcoma is the most common primary bone tumor and most frequently
develops during adolescence. 2-Methoxyestradiol (2-ME), a metabolite of 17β-estradiol, induces
interferon gene expression and apoptosis in human osteosarcoma cells. In this report, we studied the
role of interferon-regulated double-stranded (ds)RNA-dependent protein kinase (PKR) protein on 2-
ME–mediated cell death in human osteosarcoma cells.

Materials and Methods—Western blot analyses were used to measure PKR protein and
phosphorylation levels. Cell survival and apoptosis assays were measured using trypan blue exclusion
and Hoechst dye methods, respectively. A transient transfection protocol was used to express the
dominant negative PKR mutants.

Results and Conclusions—PKR was increased in 2-ME–treated MG63 cells, whereas 17β-
estradiol, 4-hydroxyestradiol, and 16α-hydroxyestradiol, which do not induce cell death, had no
effect on PKR protein levels. Also, 2-ME treatment induced PKR kinase activity as indicated by
increased autophosphorylation and phosphorylation of the endogenous substrate, eukaryotic
initiation factor (eIF)-2α. dsRNA poly (I).poly (C), an activator of PKR protein, increased cell death
when osteosarcoma cells were treated with a submaximal concentration of 2-ME. In contrast, a serine-
threonine kinase inhibitor SB203580 and a specific PKR inhibitor 2-aminopurine (2-AP) blocked
the 2-ME–induced cell death in MG63 cells. A dominant negative PKR mutant protein conferred
resistance to 2-ME–induced cell death to MG63 osteosarcoma and 2-ME–mediated PKR regulation
did not require interferon gene expression. PKR protein is activated in cell free extracts by 2-ME
treatment, resulting in autophosphorylation and in the phosphorylation of the substrate eIF-2α. We
conclude from these results that PKR is regulated by 2-ME independently of interferon and is
essential for 2-ME–mediated cell death in MG63 osteosarcoma cells.
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INTRODUCTION
Osteosarcoma, although relatively uncommon, is the most common bone tumor and occurs
most frequently during adolescence. A combination of surgery and chemotherapy has led to
improved survival rate. However, a specific therapy is not yet available, and the mortality rate
is still quite high, in part because 30% of patients diagnosed with osteosarcoma will develop
metastatic diseases.(1,2)

2-Methoxyestradiol (2-ME) is a potential therapeutic agent for several types of cancer,(3–5)
including bone cancer.(6) 2-ME induces apoptosis in osteosarcoma cells but not in normal
osteoblasts.(6) 17β-Estradiol is metabolized by multiple hydroxylation pathways, resulting in
the formation of 2-, 4-, and 16α-hydroxylated derivatives.(7) 2-Hydroxylation of 17β-estradiol
is followed by methylation of the product and leads to the generation of 2-ME.(8) The anti-
tumor activities of the 2-ME metabolite are not shared by 17β-estradiol or 4- and 16α-
hydroxylated metabolites. Instead, the other hydroxylation pathways generate 4- and 16α-
hydroxyestradiol (4-OHE and 16-OHE), which have been shown under some circumstances
to exhibit tumor-promoting actions.(7)

The cytotoxic activity of 2-ME involves disruption of the cytoskeleton and induction of
apoptosis. 2-ME inhibits tubulin formation that antagonizes mitosis.(9) Additionally, 2-ME
stimulates expression of the p53 gene, which leads to induction of apoptosis.(5,10) 2-ME,
however, can induce apoptosis in the absence of p53 protein in a pancreatic tumor cell line.
(3,11) Taken together, these series of studies suggest that 2-ME activates multiple proapoptotic
signaling pathways.

2-ME–induced apoptosis in osteosarcoma cells is preceded by an increase in interferon gene
expression.(6) Interferon-regulated cell death and anti-cancer mechanisms have been well
described and are often mediated by double-stranded (ds)RNA-dependent protein kinase
(PKR), ribonuclease L, 2′5′-oligoadenylate synthetase, and Janus kinase (Jak)-signal
transducer and activator of transcription (Stat) signaling.(12–20)

PKR is an interferon-induced, dsRNA-dependent serine-threonine protein kinase.(14,21) PKR
is activated by viruses that produce dsRNA.(22–24) In the presence of dsRNA and ATP, PKR
is autophosphorylated on several of its serine and threonine residues.(25–30) Once
phosphorylated, PKR catalyzes the phosphorylation of target substrates. Protein synthesis
initiation factor eIF-2α is the most completely characterized substrate for PKR. EIF-2α
phosphorylation leads to an inhibition of cellular and viral protein synthesis, growth
suppression, and apoptotic cell death. Other substrates (e.g., I-κB) have also been shown for
the PKR protein.(31,32) In addition, PKR is involved in the regulation of several transcription
factors including NF-κB,(31,32) interferon-regulating factor (IRF),(33) p53,(34) and Stat(35)
proteins, which play a crucial role in inflammation, cell growth, differentiation, proliferation,
and induction of apoptosis in a variety of different tumor cells.

Overexpression of dominant negative PKR protein carrying a loss of function mutation has
been shown to protect cells from apoptosis induced by ds RNA, lipopolysaccharide, and TNF-
α.(36) Expression of catalytically inactive mutant forms of the kinase can cause malignant
transformation, suggesting that PKR is a tumor suppressor.(37,38) The purpose of this study
in osteosarcoma cells was to investigate involvement of the interferon-regulated PKR pathway
in 2-ME–mediated cell death.
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MATERIALS AND METHODS
Metabolite treatment and cell growth assay

MG63 osteosarcoma cells were plated at 5 × 104 cells/well into 24-well plates containing 1
ml/well DMEM/F12 medium containing 10% charcoal-stripped FBS. After allowing the cells
to attach overnight, the media in the wells were replaced with fresh 1 ml of medium containing
5 µM 2-ME, 4-OHE, 16α-OHE, 2-methoxyestrone (2-MEOE1), and 17β-estradiol (E2) (Sigma
Chemical, St Louis, MO, USA). Cells were treated with PKR inhibitor 2-aminopurine (2-AP;
Sigma; 25 µM), serine-threonine kinase inhibitor SB 203580 (Calbiochem, San Diego, CA,
USA; 25 mM), and PKR activator poly (I).poly (C) (Sigma; 50 µg/ml). Viable cells were
counted using the trypan blue method as described.(6) For transient transfection assays, cells
were grown in 6-well plates at a plating density of 1.5 × 106 cells/well.

Transient transfection
MG63 cells plated in 6-well plates were transfected at 60% confluence with 5 µg of pcDNA3-
PKR-K296R or empty vector pcDNAneo using the transfection agent lipofectamine as
described in the manufacturer’s protocol (Invitrogen, Carlsbad, CA, USA). Twenty-four hours
after transfection, the cells were treated with vehicle and 2-ME, and the cell viability was
measured by trypan exclusion after 72 h.(6)

Hoechst staining of apoptotic cells
The apoptosis assay to detect chromatin condensation was performed using Hoechst staining
as described.(39) Hoechst stain is a nuclear counterstain that emits blue fluorescence. It is
membrane permeable and stains with low cytotoxicity. It intercalates in A-T regions and was
used to distinguish condensed pyknotic nuclei in apoptotic cells. Twenty-four hours after
transfection, the MG63 cells were treated with vehicle and 2-ME. After 72 h of treatment, the
cells were fixed with 1% paraformaldehyde and stained for 60 minutes with Hoechst 33258
(Sigma) diluted to 5 µg/ml in PBS containing 0.01% Tween 20 as described.(39)

Preparation of cytoplasmic extract and protein analysis
Cytoplasmic extracts were prepared as described.(40) Briefly, cells harvested after 2-ME
treatment were lysed by suspending in Nonidet P-40 lysis buffer containing 0.5% Nonidet
P-40, 90 mM KCl, 1 mM magnesium acetate, 2 mM 2-mercaptoethanol, 10 mg/ml leupeptin,
and 10 mM HEPES (pH 7.6). After centrifugation at 10,000g for 10 minutes, the resultant
supernatant containing cytoplasmic extract (60 µg protein) was analyzed by Western blot
hybridization using anti-PKR (Santa Cruz Biotechnology, Santa Cruz, CA, USA), anti-actin
(Sigma), anti-eIF-2α (Cell Signaling Technology, Danvers, MA, USA), anti-phospho-PKR
(pT446), and anti-phospho-eIF-2α (Cell Signaling) antibodies.

In vitro PKR kinase assay
The cytoplasmic extract prepared from untreated MG63 cells was used for in vitro kinase assay.
The assay mixture contained protein (60 µg) extract, 20 mM HEPES (pH 7.5), 80 mM KCl, 1
mM MgCl2, 1 mM MnCl2, 0.1 mM ATP, and 0.1 mM 2-ME in a final volume of 20 µl. The
kinase assay mixture was incubated with vehicle or different concentrations of 2-ME for 30
minutes at 30°C. The proteins in the reaction mixture were analyzed by Western blot
hybridization using anti-phospho-PKR and anti-phospho-eIF-2α antibodies.

Statistical analysis
All values are expressed as mean ± SE. Significant differences between groups were
determined by Fisher’s protected least significant difference posthoc test for multiple group
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comparisons after detection of significance by one-way ANOVA. p < 0.05 was considered
significant.

RESULTS
2-ME increases PKR protein levels and activity before cell death

Western blot hybridization using an anti-PKR antibody was used to determine whether 2-ME
has an effect on PKR protein levels (Fig. 1). PKR protein was increased in 2-ME–treated cells
after 24 h, whereas E2, 4-OHE, and 16α-OHE had no effect. Hybridization of the same blot
using an anti-actin antibody showed that none of the test compounds had an effect on actin
protein expression (Fig. 1A). Compared with solvent control, osteosarcoma cell survival in the
presence of 2-ME, E2, 4-OHE, and 16α-OHE was 19%, 98%, 82%, and 99%, respectively (Fig.
1B).

The effects of 2-ME treatment on autophosphorylation and expression of PKR protein were
determined by Western blot analysis of extracts prepared from MG63 cells using phosphor-
PKR (pT446) and anti-PKR antibodies (Fig. 1C). 2-ME treatment resulted in the
phosphorylation of PKR protein at 12, 24, and 48 h after treatment, but the increases in PKR
protein levels did not occur until 24 h after 2-ME treatment, suggesting that the phosphorylation
and induction of PKR follow a different time-course. Hybridization of the same blot with an
anti-actin antibody showed that 2-ME treatment did not affect actin protein levels at any of the
time-points tested (Fig. 1C).

To determine whether 2-ME–mediated increases in PKR phosphorylation is followed by
downstream phosphorylation of eIF-2α, we analyzed the cytoplasmic extracts from vehicle
and 2-ME–treated cells by Western blot hybridization using anti-phospho-eIF-2α and anti-
eIF-2α antibodies. 2-ME treatment increased the eIF-2α phosphorylation levels compared with
vehicle but did not have any effect on total protein levels of eIF-2α (Fig. 1D).

Poly (I).poly(C) enhances the potency of 2-ME–mediated killing of osteosarcoma cells
The effects of poly (I).poly(C), a known activator of PKR on MG63 osteosarcoma cell survival,
is shown in Fig. 2. 2-ME treatment resulted in a dose-related decrease in cell survival. Poly
(I).poly(C) treatment resulted in a significant decrease in cell survival and further reduced cell
survival in 2-ME–treated cultures.

2-ME–induced cell death is antagonized by PKR inhibitors
The effects of 2-AP, a specific PKR inhibitor, and SB 203580, a general serine-threonine kinase
inhibitor, were determined on 2-ME–treated MG63 cells. Cell survival in 2-ME–treated
cultures increased in the presence of 2-AP (55%) and SB 203580 (70%; Fig. 3A). Neither 2-
AP nor SB 203580 had an independent effect on cell survival. The respective effects of 2-ME
and 2-AP on apoptosis was measured by Hoechst dye staining (Fig. 3B). Hoechst dye staining
is used for detecting apoptosis, and it distinguishes condensed pyknotic nuclei in apoptotic
cells.(39) The 2-ME–mediated increases in Hoechst dye–positive MG63 cells was reduced
significantly in cultures treated with 2-AP. 2-AP had no independent effect on Hoechst dye
staining.

Osteosarcoma cells expressing transdominant PKR mutants are resistant to 2-ME–mediated
reduction in cell survival

The effect of 2-ME on MG63 cells that express trans-dominant negative PKR mutant K296R
are shown in Fig. 4. It has been shown that overexpression of K296R that lacks an
autophosphorylation site inhibits endogenous PKR protein. 2-ME was ineffective in reducing
cell survival of osteosarcoma cells that express PKR mutants.
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2-ME–mediated cell death and PKR regulation are independent of interferon expression
To determine whether the interferon gene is involved in the action of PKR, 2-ME was
administered in the presence and absence of anti-interferon β neutralizing antibodies. Neither
the 2-ME–mediated cell death (Fig. 5A) nor the 2-ME–mediated PKR induction (Fig. 5B) was
inhibited by anti-interferon β antibodies. The cell survival was decreased to 42% and 44%,
respectively, in the absence and presence of neutralizing anti-interferon antibody. On its own,
the anti-interferon β antibody did not affect cell death and PKR (Figs. 5A and 5B), but other
studies reveal that the anti-interferon antibody blocks interferon-induced cell death in
osteosarcoma cells (Fig. 6).

Direct effects of interferon in osteosarcoma cells
Interferon induces anti-growth and anti-proliferative effects that are mediated through
interferon-regulated genes. To study whether PKR gene expression is involved in direct anti-
osteosarcoma effects of interferon, we studied the cell survival in interferon-treated cells in the
presence of the PKR inhibitor, 2-AP. Interferon decreased the cell survival to 45% of the control
value, and addition of anti-interferon antibody blocked cell death (Fig. 6). The control IgG had
no effect on its own or on the interferon-mediated decrease in cell survival. Finally, the
interferon-mediated decrease in cell survival was not blocked by the PKR inhibitor 2-AP (Fig.
6).

Activation of PKR in a cell-free system
To understand the mechanism of PKR activation, we examined the effect of vehicle and
different concentrations of 2-ME in a cell-free system (Fig. 7). The Western blot hybridization
experiments show that PKR protein is activated in the presence of 2-ME. At 2 µM, the effect
was small, whereas PKR phosphorylation increased in the presence 2-ME at 10 and 50 µM.
2-ME treatment also resulted in the phosphorylation of eIF-2α.

DISCUSSION
In addition to its well-known function in mediating the antiviral and anti-proliferative effects
of interferon, PKR is implicated in apoptosis, signal transduction, transcriptional regulation,
translational control, cell growth, differentiation, and tumor suppression.(14–17,19,21,31,32,
37,38) These results provide evidence that PKR mediates 2-ME–induced osteosarcoma cell
apoptosis. PKR activity and gene expression are increased in 2-ME–treated MG63
osteosarcoma cells. In contrast, structurally similar compounds (E2, 4-OHE, and 16-OHE) that
do not affect cell death did not increase the level of PKR protein. Furthermore, an activator of
PKR enhanced the potency of 2-ME, whereas the chemical inhibitors and the transdominant
mutant inhibitors of PKR increased osteosarcoma cell survival in 2-ME–treated cultures.

PKR is found in a latent form in most cells and requires dsRNA for its activation. PKR is
activated in virus-infected cells where dsRNA is generated because of symmetrical
transcription, and in other cells, where RNA forms hairpin structures.(22,24) The synthetic
dsRNA poly (I).poly (C) is a well-known activator of PKR protein and has been shown to
induce PKR activity in a number of cell types.(22,32,41) In this study, poly(I).poly(C)
treatment enhanced the effects of 2-ME, indicating that PKR is activated to a greater extent in
cells co-treated with 2-ME and poly (I).poly(C). The dsRNA poly (I).poly(C) induced cell
death directly, suggesting that activation of PKR is sufficient to initiate cell death in
osteosarcoma cells. This possibility needs to be verified because dsRNA poly (I).poly (C) has
been shown to independently regulate several genes.(42)

PKR mediates the apoptotic actions of interleukins, interferons, heparin, TNF-α, platelet-
derived growth factor, lipopolysaccharides, and ceramides. The PKR enzyme phosphorylates
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its substrates on serine/threonine. Our work shows that a serine/threonine kinase inhibitor SB
203580 antagonized 2-ME, providing evidence for the involvement of PKR in 2-ME–mediated
osteosarcoma cell death. This involvement is further supported by the observation that 2-AP
antagonizes 2-ME–mediated cell killing in MG63 cells; 2-AP is a well-established inhibitor
of PKR kinase activity and PKR-mediated activation of signaling cascades.(41,43-46)

The dominant negative PKR mutant K296R has a mutation at a lysine residue within the ATP
binding site and is completely inactive for autophosphorylation and substrate phosphorylation.
(37,38,47) The dominant negative phenotype observed by mutant PKR overexpression results
from competition for binding to potential dsRNA activators.(37,38,47) MG63 osteosarcoma
cell lines become partially resistant to the proapoptotic actions of 2-ME, when K296R is
transiently expressed. However, the incomplete reduction in 2-ME–mediated apoptosis could
mean that other 2-ME–dependent pathways might be involved.

Interferon is a well-known inducer of PKR. Interferon in the absence of 2-ME acts directly and
induces cell death in osteosarcoma cells. However, our studies show that regulation of PKR
and induction of cell death by 2-ME do not require interferon. Whereas it is not surprising that
interferon has direct effects, it is somewhat surprising that addition of a PKR inhibitor to
interferon-treated cells has minimal effect and does not reverse 2-ME actions. It is possible
that interferon-mediated cell killing may be mediated by other pathways like Jak-Stat or 2-5A
system. Further work is necessary to delineate the specific pathways associated with interferon-
induced cell death in osteosarcoma cells.

Activation of PKR leads to transcriptional and translational increases in cell death pathway–
associated genes.(15,16,48) The translational regulation is triggered by the phosphorylation of
the α subunit of eIF-2 by the activated (autophosphorylated) PKR protein.(22,25–27) This
PKR-mediated phosphorylation of eIF-2α results in the inhibition of initiation of mRNA
translation and represents an important mechanism of interferon action. PKR protein levels
and activity increased in 2-ME–treated cells, but by different time-courses. The increase in
PKR activity is accompanied by an increase in eIF-2α phosphorylation. Increases in PKR
activities and expression has been shown in other cells to cause growth suppression and cell
death,(15) but further studies are required to determine whether eIF-2α inhibition or other PKR-
regulated mechanisms contribute to 2-ME–mediated anti-osteosarcoma effects.

PKR can also be activated directly or indirectly by calcium depletion, reactive oxygen
intermediates, and the endoplasmic reticulum overload response through the activator protein
protein activator of interferon-induced protein kinase (PACT).(49) 2-ME directly activated
PKR in cell free extracts, leading to autophosphorylation and substrate phosphorylation. PKR
is activated by nucleic acids and polysaccharides, but this is the first example of PKR activation
by a steroid. Caspases and mitogen-activated protein kinase (MAP) kinases play a role in signal
transducing events associated with PKR.(21,50) Studies carried out in the presence of several
inhibitors to understand the upstream events in 2-ME–mediated PKR activation revealed that
PKR activation is not dependent on caspases and MAP kinases (AM and KS, unpublished
observations).

Studies in the recent past have focused on the involvement of translational processes and factors
in control of cell proliferation, indicating that protein synthesis can be an additional target for
anti-cancer strategies. Eukaryotic protein synthesis is a complex biochemical process,
involving more than a hundred different polypeptides(51); seven of them have been identified
as targets for regulatory pathways.(51) PKR was previously thought to be a translational
inhibitor. Subsequently, it was shown to have in vivo substrates in addition to eIF-2α and is
now considered to regulate gene transcription and signal transduction pathways.(52) PKR may
also have a tumor suppressor function.(37,38) Expression of a functionally defective mutant
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of human PKR in NIH3T3 cells resulted in malignant transformation, suggesting that PKR
may function as a suppressor of cell proliferation and tumorigenesis.(53) Moreover, mutant
forms of eIF-2α also caused malignant transformation of NIH3T3 cells.(53) The role of PKR
in cancer has been well documented. A copy of the gene for PKR protein is rearranged in a
murine lymphocytic leukemia, although it is not clear whether this mutation contributes to the
phenotype of the tumor.(54) Also, it has been shown that patients bearing tumors with a higher
PKR content have a more favorable prognosis. PKR activation and subsequent apoptosis could
be a mechanism by which 2-ME exerts its anti-osteosarcoma effects. Other studies have
identified a cellular inhibitor of PKR, a p58 protein, that functions as an oncogene through the
downregulation of PKR.(55)

Although many studies show a role in the suppression of tumorigenesis, higher levels of PKR
have been observed in breast carcinoma.(56,57) The PKR activity in breast cancer is inhibited
by the transdominant inhibitors present in the cells.(57)

This study shows that PKR contributes to pro-apoptotic actions of 2-ME in osteosarcoma cells
and this process involves the phosphorylation of translational control protein eIF-2α. The
transfection of dominant negative mutants of various translational factors can inhibit cell
proliferation and several of them are being studied for delivery by viral-mediated gene therapy.
Further studies to determine whether translational control factors other than eIF-2α potentiate
the 2-ME–mediated anti-osteosarcoma effects are warranted.

The cross-talk between signal transduction and protein synthesis and the availability of
different molecular tools interfering with both processes suggest the design of new multimodal
therapeutic strategies for osteosarcoma and other cancers. Therefore, the use of 2-ME along
with strategies to modify PKR response could increase the combined antitumor effects and
offers strong promises in the treatment of osteosarcoma.
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FIG 1.
Association between an increase of PKR protein expression and cell survival in MG63
osteosarcoma cells. (A) PKR expression. Cytoplasmic extracts prepared from cells treated for
24 h with vehicle (Veh) or 10 µM of 2-ME, E2, 4-OHE, and 16-OHE was analyzed by Western
blot hybridization using anti-PKR antibody and anti-actin antibody (Sigma). (B) Cell survival.
Cells were treated with Veh or 5 µM of 2-ME, E2, 4-OHE, and 16-OHE for 72 h. The cells
were harvested, and the viable cell counts were taken after staining with trypan blue. Values
are mean ± SE (N = 3 replicate cultures). *p ≤ 0.05 vs. Veh. (C) Time-course of 2-ME effects
on PKR. Cytoplasmic extracts prepared from cells treated for 12, 24, and 48 h with Veh or 10
µM of 2-ME were analyzed by Western blot hybridization using anti-phospho-PKR (pT446;
Epitomics), anti-PKR (Santa Cruz Biotechnology), and anti-Actin (Sigma) antibodies. (D)
EIF-2α phosphorylation. Cytoplasmic extracts prepared from cells treated with Veh or 10 µM
of 2-ME for 24 h were analyzed by Western blot hybridization using anit-phospho-eIF-2α
(pT446; Epitomics) and anti-eIF-2α (Cell Signaling Technology).
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FIG 2.
Poly (I).Poly(C) enhances 2-ME–mediated cell death. MG63 cells were treated with vehicle
(Veh) and 5 µM of 2-ME in the presence and absence of 100 µg/ml Poly (I).Poly(C) for 72 h.
Values are mean ± SE (N = 3 replicate cultures). *p ≤ 0.05 vs. Veh; #p ≤ 0.05 vs. 2-ME.
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FIG 3.
PKR inhibitors antagonize 2-ME effects in osteosarcoma cells. (A) Cell survival. MG63 cells
were treated with vehicle (Veh) and 5 µM 2-ME in the presence and absence of 25 µM SB
203580 or 50 µM of 2-AP for 72 h. Values are mean ± SE (N = 3 replicate cultures). *p ≤ 0.05
vs. Veh; #p ≤ 0.05 vs. 2-ME. (B) Hoechst dye staining. MG63 cells were treated with vehicle
(Veh) and 5 µM of 2-ME in the presence and absence of 50 µM of 2-AP for 72 h. Values are
mean ± SE (N = 3 replicate cultures). *p ≤ 0.05 vs. Veh; #p ≤ 0.07 vs. 2-ME.
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FIG 4.
A dominant negative mutant PKR increases cell survival in 2-ME–treated cultures of
osteosarcoma cells. MG63 cells were transfected with the plasmid pcDNA3-PKR-K296R or
empty vector pcDNAneo and treated with vehicle (Veh) or 5 µM 2-ME for 72 h. The cells
were harvested, and the viable cell counts were taken after staining with trypan blue. Values
are mean ± SE (N = 3 replicate cultures). *p ≤ 0.05 vs. Veh.
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FIG 5.
2-ME–mediated induction of cell death and PKR expression are not blocked by anti-IFNβ
antibody. (A) Cell survival. MG63 cells were treated with vehicle (Veh) and 5 µM 2-ME in
the presence and absence of 1 µg/ml of anti-IFNβ antibody for 72 h. The cells were harvested,
and the viable cell counts were taken after staining with trypan blue. Values are mean ± SE
(N = 3 replicate cultures). *p ≤ 0.05 vs. Veh. (B) Protein expression. Cytoplasmic extracts were
prepared from cells treated for 24 h with Veh or 10 µM 2-ME in the presence or absence of 1
µg/ml of anti-IFNβ antibody and analyzed by Western blot hybridization using anti-PKR
antibody and anti-actin antibody (Sigma).
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FIG 6.
Interferon treatment induces cell death in osteosarcoma cells. MG63 cells were exposed to no
addition (NA) or 2000 units/ml of IFNβ in the presence and absence of 1 µg/ml of anti-IFNβ
antibody or 1 µg/ml of control IgG or 50 µM 2-AP. Values are mean ± SE (N = 3 replicate
cultures). *p ≤ 0.05 vs. NA; #p ≤ 0.05 vs. IFNβ.
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FIG 7.
2-ME activates PKR in a cell-free system. Cytoplasmic extracts prepared from untreated MG63
cells were incubated in kinase assay mixture with vehicle (Veh) or 2, 10, and 50 µM 2-ME and
assayed for PKR activity in vitro. The kinase assay mixture was analyzed by Western blot
hybridization using anit-phospho-PKR (pT446; Epitomics) and anti-eIF-2α (Cell Signaling
Technology).
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