
Abstract. Onconase (ONC), an antitumor ribonuclease from
oocytes of a frog Rana pipiens, capable of inducing apoptosis
in many cell lines is synergistic with several other anticancer
drugs. Since cytotoxic effects of numerous drugs are modulated
by reactive oxygen intermediates (ROI), we have studied
effects of ONC on the intracellular level of oxidants in several
normal cell types as well as tumor cell lines. It is demonstrated
for the first time that ONC substantially decreases the content
of ROI in all cell lines studied. This effect depends on the
ribonucleolytic activity of the enzyme and is due to both,
decreased rate of ROI generation and accelerated rate of their
degradation. Onconase decreases the mitochondrial trans-
membrane potential and consequently, generation of ATP.
Simultaneously the enzyme decreases the expression of an
antiapoptotic protein Bcl-2, and upregulates the proapoptotic
Bax protein. These finding are consistent with the enzyme
propensity to induce apoptosis. The observed antioxidant
activity of ONC may be an important element of its cyto-
toxicity towards cancer cells. The enzyme seems to exert its
biological activities by interfering with the redox system of
cellular regulation.

Introduction

Onconase (ONC, Onconase® is a trademark of Alfacell
Corporation; Ranpirnase is a generic name of this product),
previously known as P-30 protein, is a small (12 kDa) ribo-

nuclease isolated from Rana pipiens oocytes (1). Its amino
acid sequence (1), crystallographic structure (2) and general
mechanism of enzymatic activity (1-4; Ardelt et al, Proc 4th
International Meeting on Ribonucleases: Chemistry, Biology,
Biotechnology, Groningen, 1996) are similar to those of
bovine pancreatic ribonuclease A and related enzymes.
However, unlike most ribonucleases, ONC exhibits in vitro
antiproliferative and cytotoxic activity against tumor cell
lines (1,3-7) and inhibits growth of certain tumors in mice
(8,9). It is presently in phase III clinical trials tested as a
potential anticancer modality in patients with malignant
mesothelioma (10,11). ONC potentiates effects of a variety
of antitumor drugs (7,12-15). The enzyme penetrates the
cell, probably via a receptor mediated endocytosis (16) and
inhibits protein synthesis by degradation of various species
of RNA (6), predominantly tRNA (17,18). The cytostatic and
the cytotoxic effects become visible after 48-72 h of the cell
exposure to ONC and manifest as an arrest of cells in the G1

phase of the cell cycle followed by cell apoptosis (7,19-21).
The alkylated form of ONC, retaining only traces of the
original enzymatic activity, was not cytotoxic (1,6) and by
two orders of magnitude less active in suppression of protein
synthesis (6). Considering that observed patient toxicity of
ONC in clinical trials is rather low (10,11) it is unclear as to
why tumor cells are selectively more sensitive to this drug
compared to normal cells.

It was recently postulated that ONC may exert its bio-
logical activities by targeting the RNA interference system of
regulation of gene expression (22). Structure and function of
ONC as well as its therapeutic potential are subjects of a
review article (7).

Cellular reduction/oxidation (redox) status affects various
aspects of cell function. Oxidative stress can elicit cellular
proliferation or activation as well as growth inhibition and
apoptosis (23,24). Thus, the cellular redox systems appear to
play an important role in cell regulation.

Therefore, in the present study, we have investigated
whether ONC can modulate ROI within living cells. The
level of oxidants was measured by the methods adapted to
flow cytometry in large cell populations of several cell
types, exposed for various period of time to pharmacological
concentrations of ONC. It was observed that the intracellular
level of these markers of oxidative stress was diminished in
the presence of ONC. A detailed mechanism by which ONC
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affects ROI levels within the cells is unexplained at present;
some hypotheses are discussed later. 

Materials and methods

Cell lines. Fibroblast cell lines: CRL no. 1502 (fetal mid-
scapsular skin), CRL no. 1881 (normal, 78-year-old female
breast skin), CRL no. 2077 (normal, 46-year-old female breast
skin), and WI-38 lung diploid human fibroblasts, as well as
fibrosarcoma and T47D (breast, duct carcinoma, human) were
purchased from American Type Culture Collection (Rockville,
MD). Jurkat-SN and Jurkat-BαM were kindly provided by Dr
Douglas Green of the Scripps Institute at La Jolla, CA. Human
normal lymphocytes were obtained from the blood of healthy
volunteers by density gradient centrifugation as described (25-
27), washed twice with phosphate-buffered saline (PBS) and
re-suspended in RPMI-1640 medium. Cells were cultured at
37˚C and 5% CO2, in RPMI-1640 supplemented with 10% fetal
bovine serum, penicillin (100 U/ml), streptomycin (100 mg/ml),
and 2 mM L-Glutamine. All media, supplements, and anti-
biotics were obtained from Life Technologies (Grand Island,
NY). The cultures were periodically tested for Mycoplasma
infection. In order to maintain asynchronous exponential
growth, cultures were passaged by diluting to a concentration
of 1x105 cells/ml density and repassaged before approaching
5x105 cells/ml density.

Drugs. ONC, and alkylated-ONC were products of Alfacell
Corp. (Bloomfield, NJ). Stock solutions (1 mg/ml) were
prepared in HBSS; final concentrations are given in figure
legends. 

Flow cytometry. All analyses were performed with an EPICS
Elite ESP flow cytometer/cell sorter (Beckman/Coulter,
Miami, FL). Fluorochromes were from Molecular Probes
(Eugene, OR, USA) and were excited with an argon laser
tuned at 488 nm. Forward-angle light scatter and right-angle
light scatter were measured, and fluorescence was detected
through a 488-nm blocking filter, a 550-nm band-pass or a
575-nm long-pass. Samples were acquired for 10,000 individual
cells. Cell viability was determined by the fluorescence dye
propidium iodide (final concentration, 5 μg/ml) at 630-nm
fluorescence emission and by light-scatter properties. Dead
cells were gated out of the studies allowing us to correlate the
functional changes only to viable cells.

Determination of oxidant content. Oxidants were determined
in cells using a probe: dihydrorhodamine 123 (DHRh123). The
probe undergoes oxidation to its fluorescent form (Rh123)
mainly by hydrogen peroxide but also by other oxidants like
hydroperoxides and peroxinitrite. Fluoroscence of Rh123 is
detected by the flow cytometer (28).

Oxidative burst. This was measured using a reagent kit
developed by Coulter Corporation: CellProbe™ DCFH,
PMA-Oxidative Burst (Enzyme Substrate) (kindly provided
by Dr Judy Smith of Coulter). In this procedure, a non-
fluorescent probe, dichlorofluorescein diacetate (DCFHDA)
undergoes oxidation to highly fluorescent 2',7'-dichloro-
fluorescein (DCF) by H2O2 generated by NADPH oxidase

and superoxide dismutase and by other oxidants. The
determinations were carried out according to the manufacturer's
instructions.

Catalase assay. Cells were suspended in 50 mM HEPES,
pH 7.5, containing 0.3% Triton X-100 and 0.2 mM PMSF, at
a ratio of 0.1 ml buffer per 1x106 cells and by four freeze-
thaw cycles, as modified from published procedures (29,30).
The homogenate was maintained on ice for 60 min with
intermittent vortexing, then clarified by microcentrifugation.
The supernatant was used as a source of catalase. Catalase
activity was assayed by measuring the decomposition rate of
hydrogen peroxide (31,32). Varying amounts of cell extracts
were added to 1 ml of 17.6 mM H2O2 in 50 mM phosphate
buffer, pH 7.0. The decrease in absorbance at 240 nm was
followed as a function of time and the first order rate was
calculated. One unit of catalase was defined as that causing a
decrease of 0.1 U of absorbance per min.

Western blot analysis of the expression of catalase and super-
oxide dismutase. Cell lysates: cell pellets were resuspended
in 10 mM HEPES containing 90 mM KCl, 1.5 mM Mg(OAc)2,
1 mM DTT, 0.5% NP40 and 5% glycerol (pH 7.5) supple-
mented with 0.5 mM phenylmethylsulfonylfluoride (PMSF),
10 μg/ml each of aprotinin, pepstatin, leupeptin, and lysed by
3 freeze/thaw cycles. Cell-free extracts were obtained by
microcentrifugation. 

Western blot analysis: cytostolic proteins were resolved
by SDS-PAGE, and electrophoretically transferred to a nitro-
cellulose membrane. Non-specific binding was blocked with
3% milk in TBST (20 mM Tris-HCl, 0.05% Tween-20).
Antibodies to superoxide dismutase (both Cu/Zn and Mn)
were diluted 1:750, while that to catalase was diluted 1:1000.
Following incubation with respective primary and secondary
antibodies, membranes were probed with alkaline phos-
phatase-conjugated IgG (Santa Cruz, 1:1500) or horseradish
peroxidase-conjugated IgG (Santa Cruz, 1:2000). Specific
immunoreactive bands were identified by color reaction or
enhanced chemiluminescence, respectively. Re-probing was
carried out following incubation of membranes with stripping
buffer (62.5 mM Tris-HCl, pH 6.7, 100 mM 2-mercapto-
ethanol, 2% SDS) at 50˚C for 20 min.

Western blot analysis of the expression of Bcl-2 and Bax. The
cells were washed twice with cold PBS, then lysed in 100 mM
TRIS, pH 8.0, containing 1% sodium deoxycholate, 300 mM
vandate, 0.15 M NaCl, 0.1% dodecyl sulphate, 0.1 mg/ml
PMSF, 1 μg/ml aprotinin, and 1% NP-40. After 30 min on
ice, the lysates were centrifuged at 14 000 g at 4˚C for 20 min.
The supernatants were collected and the samples were applied
on 10% SDS polyacrylamide gels. Electrophoresis was
performed at 130 V at 4˚C in room temperature for 1 h, then
the proteins were transferred to nitrocellulose membrane at
100 V at 4˚C for 1 h, followed by blocking with 5% non-fat
dry milk in 1X TBS for 1 h, and incubated with Bcl-2 and
Bax monoclonal antibodies (Becton-Dickinson/Pharmingen,
San Jose, CA) at dilution 1:200 at room temp for 1 h. The
blots were washed 3 times with 1% milk in 1X TBS, and
incubated 1 h at ambient temperature with diluted (1:2000)
horseradish peroxidase-conjugated to goat anti-mouse IgG
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(Amersham, Arlington Heights, IL). Blots were washed 3 times
and developed by using enhanced chemiluminescence
according to the manufacturer's instructions.

Determination of ATP. The ATP bioluminescent assay kit
(Sigma Chemical Co., St. Louis, MO) was used for this
purpose. HL-cells were incubated with 10 μg/ml of ONC for
72 h harvested by centrifugation and lysed with 0.2 ml of
ice-cold 3.0 M perchloric acid for 15 min. Then 40 μl of
0.5 M EDTA, pH 8.0 was added to the cell lysate and the
mixture was centrifuged at 5000 g for 10 min. The supernatant
was neutralized to pH 7.6-7.8 with a neutralizing buffer
consisting of 2.0 M KOH, 0.4 M imidiazole and 0.4 M KCl
and clarified by centrifugation. The supernnatants were read
on a Wallac Victor 2 1420 Multilabel Counter using the
luminometry recorder (measuring light emission, no filter).
ATP standard curve was used for calculations.

Results

Onconase reduces the level of oxidants in cultured cells.
Figs. 1-3 show the effect of ONC on the ability of different
cell types to oxidize the DHRh123 probe. It is commonly
accepted that the formation of the oxidized fluorescent
product (Rh123) is mediated by hydrogen peroxide and some
other oxidants (see Materials and methods). The intensity of
fluorescence signal correlates with the content of these
oxidants in cells. 

We demonstrate that ONC significantly inhibited cell
induced oxidation of DHRh 123 in all studied cell lines (Fig. 1),
this effect was also observed in both Jurkat cell lines (Fig. 2),
one expressed non-functional NF-κB (BαM) and the parent cell

line (SN) with preserved ability to activate this transcription
factor. Interestingly, the former cell line had nearly 2-fold
higher level of oxidants in control group then SN control group.
BαM cells were also more sensitive to the ROI suppressive
action of ONC. Suppression of ROI by ONC in studied cells
is time as well as concentration dependent (Fig. 3).

Suppression of oxidants depends on onconase enzymatic
activity. To test whether the observed effect is related to
ONC ribonuclease activity, an inactivated preparation of this
enzyme was also studied (Fig. 4). Alkylated ONC retaining
<0.5% of the original enzymatic activity did not affect the
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Figure 1. Effect of Onconase on the content of oxidants in cultured cells.
The cells (1x105/ml) were incubated in RPMI-1640 medium with or without
Onconase, 5 or 10 μg/ml (4.23x10-7 M or 8.46x10-7 M) for 48 h. Cell
suspensions were centrifuged at 300 x g for 5 min, the pellets re-suspended
in the medium containing the DHRh123 probe, incubated for an
additional 30 min at 37˚C and subjected to flow cytometry as described in
Materials and methods. The following cell lines and Onconase
concentrations were used: Ly, lymphocytes (ONC 10 μg/ml); F-01, skin
fibroblasts from human fetal skin (10 μg/ml); F-02, skin fibroblast from a
78-year-old donor (10 μg/ml); F-03, skin fibroblasts, 46-year-old donor (5
μg/ml); Wi-38, human lung tissue, 3-month gestation, diploid (10 μg/ml);
Fs, human fibrosarcoma (5 μg/ml); and T47-D, human breast ductal
carcinoma (5 μg/ml).

Figure 2. Effect of Onconase on the content of oxidants in Jurkat cell lines.
Experimental conditions were as described in Fig. 1 except that incubation
time with Onconase (10 μg/ml) was 72 h. Two lines of Jurkat cells were
used: SN, the parent line capable of activation of NFκB, and BαM with an
impaired activation system of this transcription factor. The figure presents
mean values of 6 experiments. The mean values and standard deviations of
oxidants suppression (percentages, six experiments) in Onconase treated
cells were 22.1±7.5, and 44.8±7.8, for SN and BαM lines, respectively.

Figure 3. Effect of increasing onconase concentration and incubation time
on the content of oxidants in Jurkat cell lines. Experimental conditions as in
Fig. 1 except that enzyme concentrations and incubation times of the cells
with Onconase were as indicated in the figure.
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ability of cells to oxidize the DHRh123 probe. Thus,
enzymatic activity of ONC appears to be critical for the
observed decrease of ROI in exposed cells.

Decrease of oxidants in Onconase treated cells is due to both
diminished biosynthesis and increased degradation. The
observed suppression of ROI could result from their reduced
biosynthesis and/or from enhanced degradation. Therefore,
we also studied the rate of ROI generation and the catalase
activity in ONC treated cells. Genaration of ROI is catalyzed
by two ‘oxidative burst’ enzymes. NADPH oxidase generates
superoxide anion (O2

-) that is next converted to hydrogen
peroxide by superoxide dismutase (SOD). Hydrogen peroxide
is, in turn, degraded to oxygen and water by catalase.
Generation of ROI in studied cells was induced by phorbol
myristate in the presence and absence of ONC. Phorbol
myristate induced oxidative burst in Jurkat BαM but not in
Jurkat SN cells. Treatment with ONC substantially reduced
the rate of ROI generation in Jurkat BαM cells (Fig. 5) but
did not affect this process in Jurkat SN cells (Fig. 6). As
shown in Table I, catalase activity in both Jurkat cell lines
was significantly increased after incubation 72 h with ONC.
The effect was more pronounced in BαM (60%) compared to
SN (42%) cells. It is noteworthy that in untreated Jurkat
SN cells catalase activity was lower by about 49% than in
untreated Jurkat BαM cells.

Expression of superoxide dismutase and catalase in Jurkat
cell lines. A question arose whether the observed decrease in
ROI generation rate was due to the affected expression of the
appropriate enzymes. It turned out that ONC decreased the

expression of SOD by about 30% in BαM cells while the
ONC did not affect SOD expression in SN Jurkat cells. Catalase
expression in both Jurkat cell lines was not effected by ONC
(Fig. 7).
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Figure 4. Effect of Onconase and its enzymatically inactive form on the
content of oxidants in Jurkat BαM cells. The cells were incubated with either
native Onconase or its alkylated form retaining <0.5% of the original enzyme
activity. Enzyme concentration was 10 μg/ml and the incubation time was
72 h. Other experimental conditions were as in the legend for Fig. 1.

Figure 5. Effect of Onconase on the oxidative burst generated in Jurkat
BαM cells by phorbol myristate. The cells (1x105/ml) were incubated in
RPMI-1640 medium with Onconase, 10 μg/ml (8.46x10-7 M) for 24 h, then
the enzyme concentration was adjusted to 20 μg/ml, the cells were incubated
for additional 10 min, centrifuged and washed 3 times with HBSS. Oxidative
burst was determined as described in Materials and methods. 

Figure 6. Effect of Onconase on the oxidative burst generated in Jurkat
SN cells by phorbol myristate. Experimental conditions and oxidative burst
determination as in Fig. 5.

Table I. Catalase activity in Jurkat cells treated with Onconase.
–––––––––––––––––––––––––––––––––––––––––––––––––

Catalase activity
(U/mg of protein)

–––––––––––––––––––––––
Cell line Control Onconase treated Stimulation (%)
–––––––––––––––––––––––––––––––––––––––––––––––––
Jurkat SN 11.8±5 (9) 16.7±4 (9) 41.8

Jurkat BαM 17.6±3 (9) 28.2±9 (6) 60.4
–––––––––––––––––––––––––––––––––––––––––––––––––
The cells were incubated with Onconase (10 μg/ml) for 72 h. Catalase
activity was determined as described in the experimental section.
The numbers represent mean values ± standard deviation; number
of experiments is given in parentheses.
–––––––––––––––––––––––––––––––––––––––––––––––––
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Mitochodria and Onconase. ONC is known to induce apoptosis
in many tumor cells. Therefore, we also studied some mito-
chondrial determinants of apoptosis in cells treated with this
enzyme. The expression of Bax, a pro-apoptotic protein
increased while that of Bcl-2, the mitochondrial anti-apoptotic

protein was decreased (Fig. 8). Mitochondral transmembrane
potential (data not shown) and the ATP level (Table II) were
decreased in ONC-treated HL-60 cells. 

Discussion

We demonstrated that treatment of cells in cultures with ONC
reduces intracellular oxidative stress by suppressing ROI
generation and promoting their degradation. This observation
seems important for understanding ONC anti-tumor activity
since it was reported by other authors (33) that oxidative
stress can interfere with cancer chemotherapy. Apoptosis of
Burkitt lymphoma cells induced by several chemotherapy
drugs including doxorubicin, was inhibited by hydrogen
peroxide (33). Therefore, the anti-oxidative function of ONC
may be an important element of its antiproliferative/
cytotoxic activity towards cancer cells and a possible
mechanism of its well-documented synergism with other
anti-cancer agents (12-15).

ONC is presently undergoing clinical trials for treatment
of malignant mesothelioma and our findings are particularly
relevant in the view of growing data on the pathogenesis of
asbestos-induced diseases. Asbestos fibers cause oxidative
stress, i.e., generate ROI in mesothelial cells (24,34-36). Our
data indicate that ONC has a propensity to reverse this effect.
Phagocytosis of asbestos by macrophages leads to a release
of TNF-α and, consequently, to activation of NF-κB (36), a
redox associated transcription factor (37,38). Again, this
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Figure 7. Onconase increases the expression of superoxidase dismutase in
Jurkat BαM and SN cell lines. Western blot analysis was performed as
described in Materials and Methods. SOD, superoxide dismutase.

Figure 8. Treatment of HL-60 cells with Onconase decreases the expression of bcl2 and upregulates bax protein. The cells were incubated with ONC (10 μg/ml)
for 72 h and the expression of both proteins was tested as described in Materials and methods.

Table II. Effect of Onconase on the content of ATP in U937
cells.
–––––––––––––––––––––––––––––––––––––––––––––––––

ATP content (pmoles/106 cells)
–––––––––––––––––––––––––––––––––––––––––––––––––
Control 1.45 0.17 (2)

ONC 0.77 0.04 (2)
–––––––––––––––––––––––––––––––––––––––––––––––––
The cells were incubated with or without ONC (10 μg/ml) for 72 h
and ATP level was determined as described in Materials and methods.
–––––––––––––––––––––––––––––––––––––––––––––––––
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effect can be reversed by ONC as we previously reported that
this enzyme reduced NF-κB expression and its translocation
to nuclei in cultured Jurkat acute T-lymphocytic leukemia
cells (39). NF-κB is involved in the activation of survival
pathways and it was proposed that its activation by asbestos
leads to a survival of mesothelial cells with asbestos-induced
DNA damage and oncogenesis follows (35). 

Oxidative stress is known to induce thioredoxin which, in
turn, reduces a disulphide bond involving cysteine residue 62
of NF-κB enabling the transcription factor to bind DNA
(24,40). Thus, a decrease of NF-κB activation by ONC may
be due to the suppression of oxidative stress by this enzyme
as reported herein. The mechanism of the latter is not well
understood. Cell treatment with ONC leads to down-
regulation of SOD, one of the enzymes generating ROI and
simultaneously increases catalase activity (Table I), the enzyme
degrading hydrogen peroxide. Those effects depend on ONC
ribonuleolytic activity since they did not occur when the
enzyme inactivated by alkylation of its active site histidines,
was used. 

As we found before, ONC may lower the expression of
certain genes and simultaneously up-regulate other genes
(41). We hypothesized that this might be due to enzyme
targeting, the micro-RNA and/or short interfering RNA
regulatory pathways (22). This may be considered as a possible
mechanism for the observed reduction of SOD expression.
However, expression of catalase was unaffected and the
nature of its activation by ONC remains unknown. 

The present report provides another example of the dif-
ferential effect of ONC upon gene expression. The expression
of Bcl-2, an anti-apoptotic mitochondrial protein was decreased
and that of pro-apoptotic Bax, increased in ONC treated
HL-60 cells. This is in accordance with the enzyme ability to
elicit apoptosis and again, may be due to the postulated ONC
effect on the RNA interference system.

Our previous and present results demonstrate that ONC
elicits apoptosis by typical mechanisms via activation of
caspases (21), destabilization of mitochondrial transmembrane
potential (unpublished data), decreasing ATP level, and
differential effects on Bcl-2 and Bax expression. However,
Iordanov et al (20) reported ONC-induced apoptosis in
HeLa cells with marginal release of cytochrome c and no
effect on the expression of Bax and Bcl-2. Most recently,
ONC-induced, caspase independent death of neuroblastoma
cells was reported (42). These apparent discrepancies between
the data reported by different laboratories could be related
to different cell lines used for the studies. In neuroblastoma,
over-expression of Bcl-2 and, therefore, stabilization of mito-
chondrial membrane could have prevented the intrinsic
apoptosis pathway (42). 

Detailed mechanisms of ONC biological activities are not
fully understood. The data discussed here seem to indicate
that ONC may interfere with at least two major regulatory
systems, redox regulation of cellular activation and RNA
interference. This enzyme may have a therapeutic potential
not only in cancer but also in conditions pathogenetically
related to oxidative stress and/or activation of NF-κB, like
inflammation, autoimmune diseases, atherosclerosis, and
septic shock. 
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