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Early work by Shogen and Yoon1

demonstrated an anti-tumor activity in
extracts of Northern leopard frog (Rana
pipiens) embryos. More than a decade
later, in 1987, the main active component
of those extracts was isolated and purified
by Alfacell M. It turned out to be a small
(approximately 12 Kd) basic protein of
maternal origin (present also in large
amounts in unfertilized oocytes). Its com-
plete amino acid sequence was
determined in our laboratory and was
found to be unique.2 Surprisingly, the se-
quence was similar to those of pancreatic
ribonuclease A (RNase A, EC 3.1.27.5)
and other members of the RNase A su-
perfamily. All 3 catalytic residues of
RNase A were conserved as were some
of the other residues forming the active
site and/or the hydrophobic core.2,3 Thus,
the protein seemed to be fully equipped to
exert ribonucleolytic activity, and indeed

was found capable of degrading highly
polymerized RNA from yeast and wheat
germ, although the reaction rates were
distinctly lower that those of other pancre-
atic-type ribonucleases.2 It was also cyto-
static and cytotoxic to several cancer cell
lines in vitro including human submaxil-
lary carcinoma A-253,2,4 and significantly
increased the survival of mice bearing
M109 Madison Carcinoma5. As we dis-
cuss later in this article, the protein also
posses strong anti viral activity. We provi-
sionally named the molecule P-30 Protein
and later changed the name to Onconase
(ONC). 

In addition to ONC, extracts of Rana
pipiens oocytes, contain its natural vari-
ant, different by 3 amino acid residues6

and at least 4 variants of a novel
cytotoxic ribonuclease, amphinase, re-
cently discovered and sequenced in our
laboratory.7

In this article, we discuss the structure
and function of ONC as well as therapeu-
tic potential of this enzyme with particular
emphasis on its anti viral activity. 

Amino Acid Sequence and
Molecular Conformation 

The single polypeptide chain of on-
conase consists of 104 amino acid

residues (20 residues less than RNase
A), and the enzyme is the smallest
known member of the RNase A super-
family to date.2 Its average molecular
weight calculated from the amino acid
sequence is 11,819.6 or 11,834.7 assum-
ing full protonation of lysine and argi-
nine residues. Onconase is a very basic
protein with calculated isoelectric point
of 9.7. The sequence aligned to that of
RNase A is presented in [F1]; more se-
quence comparisons to other pancreatic-
type RNases, can be found elswere.2,8-12

Amino acid sequences of ONC and
RNase A are 28% identical and 48% ho-
mologous.13 Sequence analysis
suggested that 3 of 4 disulfide bridges of
RNase A (positions 26-84, 40-95, and
58-110) were conserved in ONC (posi-
tions 19-68, 30-75, and 48-90). Crystal-
lographic structure of ONC clearly
confirmed that prediction.3 The fourth
disulfide bond of RNase A (65-72) is not
conserved in ONC although this enzyme
contains a distinct disulfide bridge in-
volving its C-terminal cysteine. This
bridge was found only in frog RNases.
In ONC, it connects cysteine residues at
positions 87 and 104.

Another major difference between
ONC and RNase A is the presence of the

� Onconase (ONC) posses strong
antiviral and antitumor activities.

� ONCONASE® is presently undergoing
phase III clinical trials as a potential
anti cancer drug (ONCONASE® is a
trademark of Alfacell Corporation;
generic name ranpirnase).
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N-terminal pyroglutamic acid residue
(Pyr, <E, 5-oxo-2-pyrrolidine carboxy-
late), in the former enzyme. This
unusual (non coded) residue is formed
by a spontaneous post-translational cy-
clization of glutamine. Such N-terminal
residues were also found in other frog
RNases14 with the exception of the novel
enzyme recently discovered in our labora-
tory.7 Pyr1 is an integral part of the active
site of ONC.3

The molecular fold of ONC closely
resembles that of RNase A.3 F2 presents
the characteristic bilobal structure con-
sisting of 6 antiparallel β-strands (40.4%)
and 3 helical segments (20.2%)
connected by loops (39.4%). The lobes
are formed by two 3-stranded β-sheets.
One of them contains strands β1 (residues
33-38), β-3 (63-70), and β4 (77-84); the
other β2 (55-58), β5 (86-91), and β6 (94-
101). Helical segments, α1, α2, and α3,
comprise residues 3-10, 19-23, and 41-
48, respectively.

The tertiary structure of ONC is
more compact than that of RNase A.3,11

Deletions in the former enzyme occur
mostly in the loops and in the N-termi-
nal segment stabilized by Pyr1. Pyr1 is
critical for ONC enzymatic and biologi-
cal activities. The enzymatic activity of
recombinant onconase expressed with
an additional N-terminal formylmethio-
nine (at –1 position) was greatly
reduced and its cytotoxicity abolished8

while recombinant human RNase and
human angiogenin, expressed in the
same system, were fully active.15,16 The
removal of formylmethionine, either
with cyanogen bromide (from onconase
variant with the single Met23 replaced
by Leu)8 or with Aeromonas aminopep-
tidase (W. Ardelt, unpublished data) al-
lowed for the formation of Pyr1 from
Gln1, and restored both activities. Fully
active recombinant onconase was later
obtained by cloning the synthetic cDNA
coding for structure (Gln1) onconase to
the pET22b rather than pET11d vector
and expressing it in E.coli.17-19 The sig-
nal peptide is cleaved off by the host
peptidase and Gln1 cyclizes to Pyr1 re-
sulting in the mature wild type enzyme.
A similar procedure is routinely used in
our laboratory.

Unusual Stability
Any protein which is a candidate for

potential clinical use must be stable
enough to withstand the conditions inside
the target cell or within the circulatory
system. Specifically, it should be remark-
ably resistant to proteolysis.  

The compact tertiary structure of
ONC suggested its high conformational
stability. Indeed, an unusually high denat-
uration temperature (Tm, temperature at
the midpoint of the thermal denaturation
curve) of approximately 90°C was
recorded by Leland and colleagues17 and
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[F1] Amino acid sequence alignment of pancreatic ribonuclease A and onconase. Circles indicate
constituents of the active sites of ribonuclease A (above the sequences) or onconase (below the
sequences). Larger, bold circles represent catalytic residues.
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[F2] Ribbons diagram of the molecular conformation of onconase (ref. 3; reprint with permission from
Elsevier Science). The helices and strands are labeled sequentially as they occur in the amino acid
sequence. Three of 4 disulfide bonds are visible, the fourth (positions 19-68) is hidden behind strand β-3.
The N-terminal pyroglutamic residue and the active site sulfate anion are shown with all their bonds.
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immediately confirmed by Natomista and
colleagues.19 As stated by the authors of
the latter paper this Tm value is one of the
highest ever recorded for proteins. For
comparison, Tm for RNase A is almost
30°C lower (62.4°C).20

It was quickly found that the charac-
teristic C-terminal disulfide bond (Cys87-
Cys104) is the main factor contributing to
the exceptional conformational stability
of ONC. A variant in which these
residues were replaced by alanines was
much less stable; its Tm was of the order
of that for RNase A (62°C).21 Interest-
ingly, this variant was also distinctly less
cytotoxic to human leukemia cells than
the wild type ONC. 

Rather unexpectedly, Met23 was
found to significantly contribute to the
stability of ONC.19 A mutant with Leu in
this position, originally designed to avoid
internal cleavage in the course of fMet-1
removal with cyanogen bromide8 was
found to be less stable (Tm 82.8 °C) than
wild-type ONC,19 albeit it was still much
more stable than RNase A. Met23 is lo-
cated in the second helix of ONC that is
packed against the first of the two 3-
stranded β-sheets.3 Molecular modeling
indicated that the substitution of Leu for
Met at this position may weaken that in-
teraction, and consequently destabilize
the Leu23 variant.19 This hypothesis also
explains the surprisingly, higher catalytic
activity of this variant as compared to that
of onconase.8,18 It is proposed that desta-
bilization of the Leu variant may facilitate
the postulated shift of Lys31 towards sub-
strate and increase the reaction rate.19

Comparative analysis of nonpolar
regions in ONC and RNase indicates that
hydrophobic interactions have greater
stabilizing effects on the structure of the
former enzyme11 and that way contribute
to its extraordinary stability.  

The high conformational stability of
ONC suggested that the enzyme might be
substantially resistant to proteolysis. In-
deed, Natomista and colleagues19 demon-
strated that ONC was unusually resistant
to pepsin and chymotrypsin, even if the
proteinases were used in as high propor-
tions to ONC as 10% and 2% (w/w), re-
spectively, and the incubation times were
long. Neither enzyme digested more than

20% of the substrate during 20-hour incu-
bation. As expected, the Leu23 variant
was less, but still remarkably resistant.

It seems, therefore, that ONC may be
very well protected from degradation by
endoproteinases while en route to the tar-
get cell and its cytosol as well as in the
cytosol itself. Evidently, it also should be
largely protected from exopeptidases. 

Catalytic Activity and
Cytotoxicity

Onconase is a much less efficient
enzyme than RNase A. Initial activity
determinations at pH 7.7 with yeast
RNA as a substrate, carried out under
conditions far removed from those opti-
mal for ONC, revealed reaction rates
several hundred fold lower than those
for RNase A.2 At pH 6.0 which was
found to be optimal for ONC, the differ-
ence was less pronounced.22 Onconase
was also much less effective than RNase
A when tested against other ribonucle-
ase substrates.6-8,22

Studies with monotonous polynu-
cleotides confirmed pyrimidine
specificity of ONC (B1 subsite) as the
enzyme degraded polyuridylic acid
[poly(U)] and polycytidylic acid
[poly(C)], while polypurines were not
affected.20 Thus, in this respect, ONC is
similar to RNase A. However, in contrast
to RNase A,10 ONC degrades poly(U)
more than 100 times faster than
poly(C).8,22

These enzymes have specific binding
subsites interacting with either nucleotide
bases or ribose molecules.23,24 This sug-
gests differences in B1 subsite structures
in both enzymes. Studies with 16 com-
mon dinucleotides revealed even more
specificity differences. Only 2 of them,
uridylyl(3’,5’)guanosine (UpG) and
cytidylyl(3’,5’)guanosine (CpG) were de-
graded by ONC at measurable rates, and
the former was found 10 times more sen-
sitive. Therefore, uridine is strongly pre-
ferred over cytidine at the ONC B1
subsite while the opposite is true for
RNase A.10 The same result shows that
guanosine is clearly preferred at the B2
subsite of ONC22 while UpG is the least
sensitive dinucleotide substrate for RNase
A (all bases are accepted but adenine is

preferred).10 Direct comparison showed
kcat/Km values:  4.7 x 103 M-1 sec-1   for
ONC and 2.9 x 105 M-1 sec-1 for RNase
A with this substrate (Ardelt, unpublished
results).

Computer modeling (Mosimann &
James, unpublished) implies a participa-
tion of Thr 35, Lys 33, and Val 101 in the
B1 subsite of ONC. The first of these
residues is homologous to Thr 45 of
RNase A (and conserved in all members of
the RNase A superfamily). Ser123, another
residue in B1 site of RNase A25 is deleted
in ONC and other frog RNases.9 [F1]

Onconase is inactivated by alkylation
of His residues (eg, with
iodoacetate2,6,8,22,26 or diethylpyrocarbon-
ate22) as well as by reductive
methylation22 which leads to a derivatiza-
tion of lysines. Characteristically, those
modifications also abolish cytotoxic and
antiviral activities of the enzyme. As dis-
cussed earlier, the fMet(-1) recombinant
variant of ONC was essentially inactive
enzymatically and non-cytotoxic; how-
ever, both functions could be restored by
removal of fMet(-1) and reconstruction of
the authentic Pyr1 residue.8 The kinetics
of iodoacetate derivatization of the natu-
ral ONC variant (Val 11, Asn 20, Arg
103-Onconase)6 demonstrates parallel
inactivation of enzymatic activity and cy-
totoxicity. [F3] Thus, these findings pro-
vide strong evidence that enzymatic
activity of ONC, ie, degradation of phos-
phodiester bonds is critical for its biologi-
cal activities.

Another important feature of ONC is
its resistance to mammalian ribonuclease
inhibitor (RI).6,8,17,22,26 In the original
experiment, no specific inhibition by
human placental RI was observed, and an
equimolar mixture of the 2 proteins could
be separated down to the baseline on size
exclusion chromatography, while RI com-
plex with RNase A eluted as a single
peak.22 It was later found that the dissoci-
ation constant for RI and ONC is at least
7 orders of magnitude higher than that of
the inhibitor complex with RNase A.8

Therefore, ONC may evade RI and re-
main fully active in the cell cytosol.

Onconase demonstrates cytostatic
and cytotoxic activity in vitro upon a
number of tumor cell lines.2,4,6,8,26-42 It
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also inhibits tumor growth in mice,5,35,41

has an ability to overcome multiple drug
resistance in vitro and in vivo,34 and
shows anticancer activity in clinical
evaluations.43-47

The mechanism of ONC cytostatic
and cytotoxic activity is not fully under-
stood. The enzyme binds to cells with 2
different affinities,26 (Kd values of 6.2 x
10-8 and 2.5 x 10-7). The receptors are not
known. It is postulated that ONC is inter-
nalized, most probably by receptor-medi-
ated endocytosis because ATP is required
for this process.9,26 However, it is not
known how the enzyme transfers to the
cytosol from endosomes. In the cytosol,
ONC evades RI and proteolytic enzymes
and degrades intracellular RNA that leads
to the inhibition of protein
synthesis.26,32,33 Apparently, the first in-
tracellular target of the enzyme is
tRNA33,48,49; therefore, the translation
stage of protein biosynthesis is affected.
Onconase added to cell cultures at 1 x
10-7 M and higher concentrations exerts
cytostatic and cytotoxic effects in 24 to
72 hours. The cells are arrested in the G1
phase of the cell cycle and apoptosis fol-
lows.4,35,40,45,49,50 Interestingly, ONC was
found to inhibit the expression of certain
genes and simultaneously induce the ex-
pression of other ones (ie, was found to
down-regulate cyclin D3 and up-regulate
inhibitors of certain cyclin dependent ki-
nases).36 Therefore, its “mechanism of
action may be more complex than just
non-specific inhibition of protein synthe-
sis by degradation of tRNA.”51 Results of
Iordanov and colleagues49 are in agree-
ment with this hypothesis as the authors
presented evidence for the mechanism of
ONC-induced apoptosis that is in part in-
dependent of protein synthesis inhibition. 

Onconase is synergistic with a num-
ber of other anti-tumor drugs when tested
against various cancer cells in
culture.27,28,32,33,35,37,52 The mechanism of
this phenomenon is still under investiga-
tion. It was proposed that ONC may am-
plify the cytotoxicity of other drugs by
inhibiting the biosynthesis of survival
factors,35 and therefore, may be consid-
ered as a generic enhancer of the activity
of apoptosis-inducing agents.51 Several
literature sources give a more detailed

discussion on the cellular mechanism of
action of ONC.10,12,36,49,51,53

The most recent paper sheds more
light on some aspects of ONC’s mecha-
nism of action.51 Unexpectedly, it was
found that ONC at low concentrations
(8.3 to 83 nM) that are not cytotoxic to
cancer cells enhances the activation-in-
duced apoptosis of lymphocytes. This
may offer an explanation for the low inci-
dence of apparent immunological reac-
tions in patients, observed in clinical
trials. The authors suggest that these find-
ings may indicate clinical potential of
ONC also in the treatment of inflamma-
tory diseases and suppression of trans-
plant rejection. 

Antiviral Activity
Ribonuclease activity of ONC and its

ability to enter cells suggested that the
enzyme might affect RNA viruses inside
the infected cells. Further, the study by
Youle and colleagues54 demonstrated ac-
tivity against human immunodeficiency
virus (HIV-1). It was found that ONC
added at 1 x 10-7 M to cultured CD4 pos-
itive human H9 leukemia cells persist-
ently infected with HIV-1 was able to
inhibit replication of HIV-1IIIB by up to
99.9% as measured by the determination
of the p24 viral antigen in the course of
the 96 hour experiment. Interestingly,
ONC at the same concentration was only

minimally cytotoxic to uninfected H9
cells. Similar experiments with other pan-
creatic type ribonucleases demonstrated
that bovine seminal RNase, another cyto-
toxic enzyme, also inhibited viral replica-
tion, but to a lesser degree than ONC,
while RNase A and eosinophil-derived
neurotoxin were ineffective.54

HIV-1 infection of H9 cells causes
the formation of large syncytial cell
aggregates. This was almost totally ab-
rogated in the infected cells cultured in
medium containing 1 x 10-7 M ONC.54

Further studies aimed to reconfirm
ONC antiviral activity not only in H9,
but also in U937 cells persistently in-
fected with HIV-1IIIB and HIV-1MN
strains, and to explore the possible
mechanism of this activity. 55 It turned
out that 1 x 10-8 M ONC blocked
greater than 90% of p24 antigen
expression in chronically HIV-1IIIB in-
fected H9 cells for at least 2 days,
while the enzyme at 5 times higher
concentration exerted the same effect
for 5 days without killing the virus-in-
fected H9 cells. Analogous experiments
with H9 cells chronically infected with
another virus type, HIV-1MN, showed
similar inhibition of p24 antigen pro-
duction. Studies with U937 cells per-
sistently infected with these 2 HIV-1
strains revealed similar ONC mediated
inhibition of p24 antigen expression. 
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[F3] Inactivation of onconase natural variant by alkylation of His residues with iodoacetate.
Onconase variant (Val 11, Asn 20, Arg 103-Onconase) was reacted with 50-fold molar excess of
iodoacetate.  Aliquots of the incubation mixture were tested for enzymatic activity with
uridylyl(3’,5’)guanosine as substrate and for cytotoxicity towards human submaxillary carcinoma A-
253 cell line, as described in ref. 6.
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These results were recently
confirmed by Michaelis and colleagues56

who described inhibition of the HIV-1RF
replication in H9 and C8166 cells by the
enzyme in sub-cytotoxic concentrations.
This data indicates that HIV-1 mutations
may not limit the effectiveness of ONC.
The mammalian cells used in these ex-
periments were persistently infected
with HIV. This indicates that ONC af-
fects viral lifecycle at step(s)
subsequent to genomic integration. It is
also worth noticing that the enzyme at 5 x
10-8 M was not cytotoxic to the cells
themselves. It only slightly inhibited the
growth rate of H9 cells but did not affect
that of U937 cells.55 Therefore, ONC in-
hibits virus replication in viable host cells.

Characteristically, enzymatically inac-
tive recombinant form of ONC with glu-
tamic instead of pyroglutamic acid as the
N-terminal residue (see previous sections)
did not inhibit virus replication while the
active form (with Pyr-1) was antiviral.
This confirms previous findings that enzy-
matic activity of ONC was critical for cy-
totoxicity. It is evident that the enzyme
exerts all its biological activities by
degrading phosphodiester bonds in RNA.

To investigate the molecular basis of
ONC antiviral activity, levels of HIV-1
RNA at various times of cell exposure to
ONC were analyzed using a 32P labeled-
HIV-1 specific ~8 kb DNA probe. Total
RNA from uninfected H9 cells did not
react with the HIV-1 probe. Northern blot
analysis of the total RNA from uninfected
H9 cells and chronically HIV-1IIIB
infected H9 cells treated with different
doses of ONC revealed greatly reduced
levels of all types of HIV-1 RNA tran-
scripts. The most dramatic effect occurred
at 5 x 10-8 M ONC and lasted up to 4
days. After 4 days of exposure to the ini-
tial dose of the enzyme, HIV-1 RNA lev-
els began to increase. This was followed
by the increase of p24 antigen concentra-
tions. Lower ONC concentration, 1 x 10-8

M, resulted in a similar reduction of HIV-
1 RNA, but the effect was of shorter du-
ration (~2 to 3 days). This may reflect the
half-life of the enzyme in cultured cells.
When cells were treated with 1 x 10-8 M
ONC, the eventual reappearance of HIV-1
RNA after 3 days corresponded with a

renewed production of p24 antigen.
These results show that ONC is not lethal
to viral infected cells as they re-express
HIV-1 RNA and p24 antigen after expo-
sure to the enzyme.55

Because of the eventual resynthesis
of HIV-1 RNA, the addition of a second
dose of ONC after 2 days treatment with
1x10-8 M enzyme, caused a significant
further decrease in p24 antigen produc-
tion and maintained suppression of HIV-1
RNA species. Thus repeated application
of ONC has repeated anti-viral effects.55

Onconase degraded viral RNA with
no simultaneous cleavage of the host cell
ribosomal RNA or mRNAs encoding
human actin, glyceraldehyde-3-phosphate
dehydrogenase and the transferrin recep-
tor in H9 cells.55 Thus, the enzyme shows
surprising selectivity for HIV-1 RNA
species in the infected cells. It is very un-
likely that this selectivity is due to ONC
sequence specificity for HIV-1 RNA. Per-
haps proteins complexed with ribosomal
and messenger RNAs protect these
species from degradation. This putative
mechanism was previously proposed to
explain the tRNA specificity of ONC ob-
served in reticulocyte lysate.48

Interestingly, HIV-1 harvested from
ONC treated H9 cells and untreated con-
trols showed no relative difference in in-
fectivity. Thus, the virus eventually
produced by ONC treated cells was not
defective.55 HIV-1 is a retrovirus, charac-
terized by having a single stranded RNA
genome that is replicated via a dsDNA
intermediate. An initial step in the repli-
cation of the HIV-1 life cycle is the con-
version of the HIV-1 RNA genome into
DNA by reverse transcriptase. Reverse
transcriptase requires a primer for initia-
tion of DNA synthesis, which in the case
of HIV-1, is a cellular tRNALys

3 species.
This primer tRNA found in HIV-1 parti-
cles is selected from the host cell tRNA
population during virus assembly. North-
ern blot analysis of total cellular RNA
isolated from H9 cells uninfected or per-
sistently infected with HIV-1 and incu-
bated with a non-cytotoxic concentration
of ONC (5 x 10-8 M) showed degradation
of tRNALys

3. The enzyme was able to de-
grade all 3 isoaccepting forms of Lysine-
tRNA. Therefore, it seems that ONC

affects viral life cycle directly by degrad-
ing viral RNA and indirectly by cleaving
tRNALys

3 that serves as a primer for viral
reverse transcriptase.

Recent work by Michealis and oth-
ers56 not only confirmed inhibition of HIV-
1 replication by ONC, but also observed
the same effect in vitro on 2 other RNA
viruses known to cause myocarditis, en-
cephalitis, paralysis, and aseptic meningi-
tis. They were Coxsackie virus (strain
A9), and of Echovirus type 7 (strain Wal-
lace) growing in human foreskin fibrob-
lasts. Unlike HIV, these viruses are
devoid of envelopes. As expected, DNA
viruses, human cytomegalovirus, and her-
pes simplex virus type-1 were not
affected by ONC.

The propensity of ONC to inhibit
replication of several HIV subtypes as
well as other RNA viruses may be partic-
ularly relevant in view of the extremely
high rate virus mutations which is prima-
rily responsible for the development of
resistance to several currently available
antiviral drugs. Research in this area has
shown that patients treated with even the
most effective regimens become resistant
over time due to viral mutation. 

Onconase may offer a valuable tool
for inhibiting viral replication when used
alone or in combination with other antivi-
ral agents like azidothymidine (AZT) or
protease inhibitors. As presented in F4,
ONC affects the HIV-1 life cycle at sev-
eral stages different from those targeted
by the above antiviral drugs. Reverse
transcriptase inhibitors such as AZT
block new infection cycle, but unlike
ONC, it does not inhibit viral production
from chronically infected cells. High viral
production and turnover continues for
days after inhibition of new viral infec-
tion cycles with AZT protease inhibitors.
Onconase administered simultaneously
with those drugs may block virus produc-
tion from persistently infected cells and
may minimize effects of mutated virus
forms that could be resistant to transcrip-
tase or protease inhibitors.55

Potential for Targeted
Therapies

Onconase preferentially kills rap-
idly proliferating cells.39 However,
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entry into cells is a limiting step in
ONC mediated cytotoxicity.26 Improve-
ment of ONC’s target cell specificity
and efficiency of cell entry would be
advantageous for potential therapeutic
use. Onconase could be targeted to spe-
cific cells by conjugating it to efficiently
internalizing molecules as certain anti-
bodies, other proteins or peptides, hor-
mones, vitamins, etc. 

This can be achieved by chemical
synthesis using crosslinkers, or in the
case of proteins or peptides as targeting
moieties, by conjugation on the genetic
level (fusion proteins) provided that sep-
aration of ONC from the targeting moi-
ety inside the cell is not required for
cytotoxicity.

This approach was used in the past
in the development of “immunotoxins”
for cancer therapy.57-59 Various toxic mol-
ecules, usually of plant or bacterial ori-
gin, were attached to antibodies or other
targeting molecules. These constructs,
however, were usually highly immuno-
genic and extremely toxic to patients.60

Onconase seems to be a better candi-
date for targeted therapies than plant and
bacterial toxins. First of all, when
microinjected into Xenopus oocytes, it
was 10- to 1,000-fold more cytotoxic
than other “effector molecules” used for
preparation of immunotoxins, like α-
sarcin, Diphteria toxin, Ricin A, or other
ribonucleases.33,61 Even more
importantly, ONC is well tolerated in hu-
mans—it may be administered repeatedly
for a long time with no problems associ-
ated with immunogenicity.43 This may be
at least in part explained by recently re-
ported results indicating the immuno-
modulatory properties of this enzyme.51

Onconase was chemically conju-
gated to human transferrin or to an an-
tibody to the human transferrin
receptor.29 The resulting heterogeneous
mixtures of conjugates were at least an
order of magnitude more active against
K562 human erythroleukemia cells than
unconjugated ONC. Their ID50s were
of nanomolar range and the observed
increase of activity was indeed due to
the targeting effect. These results
proved the concept, but the targeting
was not very specific to the cell line

employed, and these experiments were
not continued.

Another attempt was distinctly more
successful.62 This time the target was the
CD22 receptor that is highly expressed
on B lymphocytes in more than 70% of
non-Hodgkin’s lymphomas.63 Onconase
was covalently conjugated to the LL2
murine anti-CD22 monoclonal antibody
via disulfide bonds. This increased ONC
cytotoxicity towards human Daudi
Burkitt lymphoma cell line by approxi-
mately 10,000-fold. This effect was due
to the rapid and specific conjugate inter-
nalization. Simultaneously, the systemic

toxicity in mice was substantially
reduced. The animals could tolerate as
much as 300 to 500 mg/kg without sub-
stantial toxicities (30 to 80 times more
compared to some other anti-CD22 im-
munotoxins). The conjugate significantly
increased the survival of SCID mice bear-
ing human lymphoma.62 These results are
very encouraging and the similar ONC
conjugate with another anti CD22 anti-
body was approved for clinical trials by
National Cancer Institute.64

The main problem with the chemical
conjugate is complexity of production.
First of all, ONC is reacted with a hetero-

Uninfected cells
Binding of HIV-1 to the CD4 receptor
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and Uncoating

Single stranded viral RNA genome

ONCONASE

ONCONASE

HIV-1 RNA

Viral genomic RNA

Reverse Transcription + tRNA
  (Primer)

Lys3

Double stranded viral DNA

Viral DNA (provirus) inserted into
host cell genome

HIV-1 gene
transcription

Translation

Synthesis of Viral proteins

Processed (Mature) viral proteins

Viral proteins
processing

Assembly of HIV-1 virion

Release of mature HIV-1 virus

Infection of other cells

Protease 
Inhibitors

X

AZT X

[F4] Inhibition of the immunodeficiency virus (HIV-1) life cycle by onconase. Putative stages affected
by the enzyme.
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bifunctional crosslinker via the enzyme’s
primary amino groups. There are 15 ly-
sine residues in ONC, and 2 of them,
Lys9 and Lys31, are constituents of the
reactive site.2,3 Therefore, they are critical
for the enzymatic and biological activi-
ties.2,6,8,22,26,31,41,55 Derivatization of ei-
ther of them by the amino-reactive group
of the crosslinker would inactivate the
enzyme. Incidentally, only about 35%
of the original ONC catalytic activity
was retained in the conjugate,62

although it may be also in part due to a
possible steric hindrance for the tRNA
substrate as the enzyme is conjugated
to a large antibody molecule. Also,
presence of 15 potential attachment
points may result in a conjugate hetero-
geneity unless a method is developed
to direct the crosslinker to a specified
ε-amino group in ONC. The introduc-
tion of -SH groups to the antibody, in
order to react them with the sulfhydryl-
reactive arm of the crosslinker attached
to ONC, creates even more possible
heterogeneity. Sulfhydryl groups are
introduced by derivatization of primary
amines with 2-iminothiolate, and a typ-
ical antibody contains about 50 lysine
residues. Moreover, overderivatization
may affect binding properties of the
antibody.

In order to overcome or at least mini-
mize difficulties in conjugate production,
it is necessary to specifically engineer
both conjugate moieties and/or develop
modified chemistries. Alternatively, con-
jugates may be replaced with fusion pro-
teins. Both approaches are presently
being investigated in our laboratory.

Summary and Conclusions
Onconase is the smallest known

ribonuclease among enzymes belonging
to the superfamily of RNase A. It was
discovered by the Alfacell Corporation
based on the observed antitumor activ-
ity in its source, Rana pipiens oocytes.
The enzyme is cytostatic and cytotoxic
to a variety of cancer cells in culture
and exhibits potent antitumor activity in
vivo. It also demonstrates strong antivi-
ral and immunomodulatory activity. All
the observed biological activities of
ONC depend on its enzymatic activity

(ie, on its ability to cleave phosphodi-
ester bonds of RNA, especially tRNA). 

Several properties of ONC seem to
predispose this enzyme for potential
clinical use. It is not inhibited by the
mammalian ribonuclease inhibitor, and
therefore, remains fully active inside
the cell. It is also unusually resistant to
proteolysis due to its remarkable con-
formational stability. This, in turn, re-
sults from the unusual compactness of
the enzyme tertiary structure and
restricted N and C terminal segments of
its polypeptide chain. 

Although ONC is an amphibian
protein, it is well tolerated in humans.
It may be administered repeatedly with
no problems associated with immuno-
genicity, and its activity is not compro-
mised by polyclonal antibodies.
Onconase is presently tested in clinical
trials against unresectable malignant
mesothelioma. It is also an attractive
candidate for development as an antivi-
ral drug due to its ability to
significantly inhibit the replication of
HIV-1 and other RNA viruses with little
or no cytotoxicity to viral-infected
cells. Onconase degrades viral RNA
and the host tRNALys

3 used by the virus
to initiate replication.  

Finally, ONC seems to be an ideal
“effector” or “payload” molecule in po-
tential targeted therapies. It compares
favorably with plant or bacterial pro-
teins used for the construction of “im-
munotoxins” as it is well tolerated in
humans and distinctly more active. Its
conjugate with an anti-CD22 antibody
was found to be very effective in mice
bearing human lymphoma and was ex-
ceptionally well tolerated by the animal
models. This may revitalize immuno-
toxin research hampered by discourag-
ing properties of previously used
effector molecules.
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