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Introduction
Antitumor ribonucleases (RNases) are a promising superfamily of small
(10-28 kDa) basic proteins with strong cytotoxic and cytostatic potential
on cancer cells [1]. This group of secretory enzymes operates at the
crossroads of transcription and translation, preferentially degrading
tRNA, and as a result, lead to inhibition of protein synthesis. After an
early enthusiasm, their anticancer potential in terms of clinical utility
suffered a decline until quite recently, when they have attracted attention
again, due to the discovery of their remarkable and complex biological
activities. Among various RNases described so far, only some of them
are considered to be toxic to cancer cells, but they have low cytotoxicity
to their normal counterparts. Antitumor potential was observed in
RNases derived from bacteria (binase), fungi (streptomycete
ribonuclease), mammals (bovine seminal ribonuclease), and last but not
least from reptiles [2]. Rana pipiens oocytes contain two homologues of
pancreatic RNase A, the widely investigated ranpirnase (onconase;
ONC), which has reached the late-stage clinical trials for treatment of
malignant mesothelioma, and the more recently described amphinase
(Amph) as well as its recombinant form (r-Amph) [3].

It was already discovered that ONC acts strongly synergistic when
combined with numerous other antitumor agents and has been granted
orphan-drug and fast-track status by the US Food and Drug
Administration. Moreover, ONC and Amph have preferential toxicity
towards cancer cells [3]. They are highly cationic molecules and have a
distinctly higher negative charge compared to the normal cell, which can
be a possible explanation of their increased binding efficiency to the cell
surface by electrostatic interactions. Mainly due to their cytostatic
function, causing minimal side effects, RNases are considered as
attractive agents. In addition, RNases are known to inhibit human
immunodeficiency virus 1 (HIV-1) replication through the degradation
of viral RNA [4].
In this article, we describe structures, functions and mechanisms of
antitumor activity of RNases with particular emphasis to the amphibian
ONC and Amp. The advancements of recombinant technology have
allowed the assembly and conjugation of RNases with monoclonal
antibodies, investigated in a variety of human malignancies both in vitro
and in animal models. Such combinations called immunoribonucleases
(immunoRNases) internalize tumor-targeting and has demonstrated
selective antitumor activity against cancer cell [5]. In this review, we

*Correspondence

to: Professor Piotr Smolewski, Department of Experimental Hematology, Medical University of Lodz, Copernicus Memorial Hospital,
Ciolkowskiego 2, 93-510 Lodz, Poland; Tel: 426895191; Fax: 426895192; E-mail: piotr_smolewski@wp.pl
© 2020 Piotr Smolewski. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited. Hosting by Science Repository.
http://dx.doi.org/10.31487/j.DDA.2020.01.04

2

RNases and ImmunoRNases as Anticancer Agents

describe the development and current status of genetically engineered
immunoRNases as some of the most promising novel chemotherapeutic
agents given their enzymatic and non-mutagenic character.

Historical Introduction to RNases
RNases have been an extensively studied group of enzymes, since the
1960s. For the last century, they were an important model for the
majority of studies concentrating on protein chemistry and folding,
stability and enzymatic catalysis. Recent investigation on the RNase
superfamily has focused mainly on exploring their biological functions
and medical applications. In 1972, Moore, Stein, and Anfinsen were
awarded a Nobel prize for their work on RNase. Bovine seminal
ribonuclease (BS-RNase), was the first homolog among RNase family,
that show to reduce transplanted Crocker tumors in mice in 1973. The
toxicity of BS-RNase was not limited only to tumor cells in vivo but was
also toxic to embryonic cells, oocytes, and testicular tissue [6-8]. After
enormous early enthusiasm, RNases were almost dismissed in terms of
their clinical use until quite recently when they attracted attention again
due to the discovery of their remarkable and complex biological
activities [9, 10]. For instance, they are able to promote angiogenesis,
possess immunosuppressive and antitumor activity, and demonstrate
aspermatogenic and embryotoxic effects [11, 12].
In the early 1970s, it was observed by Shogen and Yoon that the extract
from embryos of the Northern leopard frog has a strong cytotoxic
activity [13]. Twenty years later, it was found that cytotoxicity of the
extract is due to the presence of a protein initially named Pannon, then
ranpirnase (onconase; ONCONASE®; ONC) from the first letters of
Rana pipiens RNase and subsequently Amph [14, 15]. Both enzymes
ONC and Amph were discovered and sequenced by Alfacell Corporation
(currently TAmiR Biotechnology, Inc, Somerset, NJ, USA), the first one
more than two decades ago, while the latter more recently. Nowadays,
the advancements of recombinant technology have allowed to assembly
and conjugation of RNases with tumor-targeting monoclonal antibodies
to enhance specific cancer cell killing. The immunoRNases are recently
under investigation in several malignant diseases, both in vitro and in
animal models. In this review, we describe the current status of
immunoRNases in clinical trials as a novel compound against different
types of cancer, which still remains a major challenge for further clinical
development [5].

Structure and Biochemical Attributes
ONC and Amph, like most cytotoxic RNases, are basic, single chain
proteins. Amino acid sequencing revealed that both ONC and Amph
belong to the RNase A superfamily [16]. Amph is the largest among frog
homologues and consists of 114 amino acid residues, while ONC, on the
other hand, is the smallest of the whole superfamily, having only 104
amino acid residues (20 residues less than RNase A) and a molecular
mass of 11.8 kDa. Amph can be found in 4 variants, numbered from 1-4
according to their elution order from a reverse phase HPLC column. All
four have highly similar amino acid sequences with 95 residues are
invariant (83% conservation) [17]. Amph 1 and 2 differ between each
other only by one residue at position 44 (Val and Ile, respectively), while
the other variants differ from each other by 12-15 residues (86.8-89.9%
identity) at 19 polymorphic positions. The variants are 38.2-40.0%
Drug Drug Abuse doi:10.31487/j.DDA.2020.01.04

identical with ONC, 40.7-42.5% and 24.8-28.0% with RNase A.
Characteristic for ONC and other frog RNases, N-terminal pyroglutamic
acid residue, is not observed in Amph variants. They have a highly polar
N-terminal extension segment consisting of 6 amino acid residues,
which makes them more like mammalian than to amphibian homologues
[18].
It was earlier observed that several frog lectins from the eggs of Rana
catesbeiana with the amino acid sequence similar to that of RNase A
could selectively agglutinate cancer cells [19]. Other homologous lectin
was isolated from oocytes of Rana japonica and Rana catesbeiana liver
[20, 21]. Both their sequences were highly similar to that of RNase A
and had a very low ability to agglutinate cancer cells. ONC and Amph
did not agglutinate cancer cells at all. More recently, five more cytotoxic
RNases from Rana catesbeiana were purified and cloned [22]. All those
RNases clearly belong to the superfamily of RNase A. Examples for
cytotoxic and non-cytotoxic members of the RNase A superfamily are
shown in (Table 1).
Table 1: Examples for cytotoxic and non-cytotoxic members of the
RNase A superfamily.
Toxicity
RNase
Source
toxic
BS-RNase
bovine seminal fluid
toxic
ONC
Rana pipiens
toxic
sialic acid binding lectin Rana japonica
(SBL-J / RJL)
toxic
sialic acid binding lectin Rana catesbeiana
(SBL-C / RCL)
toxic
Amph 1-4
Rana pipens
non-toxic
RNase A
bovine pancreas
non-toxic
RNase 1
human pancreas
non-toxic
eosinophil-derived neurotoxin human eosinophils
(EDN)
non-toxic
angiogenin (ANG)
human serum

Mechanisms of Cytotoxic Activity
It was reported that ONC is more toxic to neoplastic cells than to normal
cells in both in vitro and in vivo studies. The mechanism responsible for
this phenomenon is not still clear, and several explanations have been
proposed. According to one of the possible hypothesis ONC is more
selectively internalized by tumor compared to normal cells due to
differences in charge of the plasma membrane [23]. Specifically, in
neoplastic cells, the level of sialic acid, rich in gangliosides, is markedly
higher, which contributes to electro-negativity of the plasma membrane
[24]. Because ONC is strongly cationic, it has a greater electrostatic
affinity to the anionic surface and thus is more avidly internalized by
tumor cells. ONC, after binding to the cell surface, is internalized by
energy-dependent endocytosis, internalized and routed to endosomes. It
was observed that agents that disrupt retrograde transport from the transGolgi network to the endoplasmic reticulum potentiate the cytotoxic
effect of ONC [25, 26]. Another proposed mechanism takes into account
different intracellular routes for ONC in neoplastic versus normal cells
with different respective rates of RNA degradation, especially in fastgrowing tumors [27].
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The cytostatic and cytotoxic properties of ONC and r-Amph depend on
their enzymatic activity targeting the crossroads between transcription
and translation and catalyzing RNA degradation. It was initially
considered that the key targets of these RNases are rRNA and/or tRNA,
and their degradation led to inhibition of protein synthesis [28].
According to recent findings, however, the suspected target of RNases

can also be the non-coding RNA (microRNAs), which is responsible for
the regulation of gene expression through RNA interference (RNAi).
Consistent with the latter they can as well modulate the process of cell
differentiation in the early embryos by strictly targeting RNAi. The
mechanism of action is shown on (Figure 1).

Figure 1: Mechanism of action of cytotoxic RNase. Cytotoxicity of RNase is connected with internalization particularly to cancer cells and after intracellular
transport degradation of different types of RNA (mRNA, rRNA, tRNA) into smaller components. It leads to inhibition of protein synthesis and as a result
programmed cell death (apoptosis).
While ONC penetrates into the cytosol, it degrades cellular RNA. ONC
is an unusual homologue of RNase that seems to evade the cytosolic
ribonuclease inhibitor protein (RI) completely [29]. RI is a protein that
binds to certain members of the RNase A superfamily and inactive them.
The complex made of human RI and RNase is one of the tightest known
in biology so far [30]. It is believed that some RNases are tightly
inhibited by RI, yet become cytotoxic when successfully routed into the
cytosol. Moreover, it was observed that non-cytotoxic so far RNases
become cytotoxic by incorporating residues that enable RI evasion [31].
On the other hand, RI insensitivity is not considered as a main factor
responsible for the antitumor activity of RNases.
The supposed antitumoral and immunosuppressive mechanism of ONC
involves apoptosis in the case of the majority of neoplastic cells [32].
The cytostatic effects of ONC and Amph are manifested as cell arrest in
the G1 cell cycle phase and followed by apoptosis, involving activation
of endonucleases such as caspases, serine proteases and
transglutaminase. In previous studies, it was observed that ONC
selectively alters the expression of genes involved in apoptosis with
decreased expression of anti-apoptotic Bcl-2 as well as increased
expression of pro-apoptotic Bax [33]. Interestingly, opposite to the
majority of well-known chemotherapeutic agents that act rather rapidly,
the cytostatic and cytotoxic effects of ONC was observed after a 24-48
h delay [34]. The induced apoptosis is probably enhanced by mild
hyperthermia [35].

Drug Drug Abuse doi:10.31487/j.DDA.2020.01.04

Antiviral Effect
Onconase is investigated as a potential antiviral drug due to its
degradational action on RNA, both in the viral genome and in viral
replication in host cells [36]. In studies with human immunodeficiency
virus (HIV) and CD4 positive lymphocytes (H9), onconase inhibited
viral replication, which was explained as the result of targeting tRNA
and further impaired viral protein synthesis [37, 38]. In view of the
gastrointestinal tract became the main space of HIV penetration,
onconase was also tested as a topical drug preventing this infection [3].
In vitro, onconase inhibited six of nine activated by HIV biomarkers
necessary to initiation of HIV infection [39]. Therefore, onconase seems
to be a potential preventing agent.
Hodge et al. revealed the effectiveness of onconase against Ebola virus
infection in vitro [40]. Then the study in mice models was performed.
The results showed that most of the mice were protected from the
consequences of Ebola infection by treatment with onconase, and the
only observed adverse event was weight loss. In study with Rabies virus,
onconase was efficient in vitro; however, this action was not confirmed
in vivo [41]. As a result of onconase effectiveness against human
papillomavirus (HPV) infection in vitro, phase I study was performed
[42]. 42 patients were enrolled in this trial, and 30 of them were
evaluated after 8 weeks of topical use of 1mg onconase. 83,3% (25
patients) achieved clinical healing, and the rest of them (5 patients,
16,7%) presented 50% reduction of lesions. The median time to curing
Volume 2(1): 3-8
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was significantly shorter in comparison to spontaneous healing (30 days
vs. 6-7 months). The most commonly observed adverse event was
itching.

Bactericidal Activity
Wild type onconase does not exhibit antimicrobial effect in contrast to
human RNase 3 (EDN) also belongs to RNase A family. Torrent et al.
engineered variants of onconase with determinants homologous to
RNase 3, which are described as responsible for bactericidal activity
[43]. These new molecules were equipped in antimicrobial influence
against Gram-negative bacteria especially K. pneumoniae. Each
performed modification resulted in the decrease of ribonucleolytic
action. The absence of cytotoxic activity did not remove bactericidal
effect completely; however, the ribonucleolytic activity had an important
impact for antimicrobial effect of engineered onconases.

Therapeutic Applications
Several RNases from different sources were proved to be cytotoxic
against cancer cells, whereas the application of the other, closely related
RNases had no antitumor activity. It was shown that ribonucleolytic
activity is not sufficient to render RNase cytotoxicity. Among various
RNases described so far, anticancer potential was observed in RNases
derived from bacteria (binase), fungi (streptomycete ribonuclease),
mammals (bovine seminal ribonuclease) and the most important from
reptiles (ONC, Amph). ONC and Amph are widely investigated in many
clinical trials, due to the discovery of their remarkable and complex
biological activities [44]. Cytotoxic effect of in vitro ONC alone and in
combination with other antitumor agents was already investigated in
several clinical studies. It was observed that ONC acts strongly
synergistic
when
combined
with
numerous
well-known
chemotherapeutic drugs. Synergism was reported for a combination with
either tamoxifen or trifluoperazine on human lung carcinoma or
pancreatic adenocarcinoma cell lines [45].

large, phase III trial in malignant mesothelioma patients suggest that the
combination of ONC with doxorubicin may be more beneficial than
doxorubicin used alone [58]. In all studies mentioned above, ONC seems
to act mainly like cytostatic rather than a cytotoxic agent, stabilizing
progressive disease and potentially offer survival benefit, while having
a favorable safety profile. ONC, in combination with doxorubicin, may
become a second-line therapy for unresectable malignant mesothelioma,
where so far no standard of care exists. Unfortunately, during the course
of this trial, the combination of pemetrexed and platinum emerged as the
standard first-line treatment, which as a result led to a slowing of the
recruitment and reduced the interest for its use.
It is crucial that ONC appears to be generally well tolerated agent with
very few serious adverse events. Majority of side effects are predictable
and reversible. The most important side effect is renal toxicity, which
seems to be caused mainly by the unusual stability of the enzyme [59].
What is more, dose modifications are required only in patients with
observed changes in renal function. Clinical trials also demonstrated that
onconase does not cause immunological sensitization. Furthermore,
Raineri et al., in study with human melanoma cells (A375), showed that
onconase entailed similar cytotoxicity in both parental and dabrafenibresistance cell lines [60]. They also explored how onconase reduced the
cell mobility and creating cell’s colony, which suggests its potential to
inhibit forming metastases. So far, the use of RNases as adjunct agents
to increase the effectiveness of treatment of different malignancies with
chemotherapy or radiotherapy appears to be the most promising
direction in its clinical applications.
In turn, Lee et al. revealed sensitizing to radiotherapy effect of onconase
in vitro on human lung cancer cells (A549) [61]. Next they confirmed
this action in mice models with the best results if the onconase was given
2h prior radiation. This sensitizing action of onconase was explained by
increasing concentration of oxygen in tumor cells and decreasing tumor
intestinal fluid pressure (TIFP).

Targeted Therapeutic RNases (ImmunoRNases)
After this study, numerous subsequent investigations were performed. In
all of them, synergism or additive effects of ONC was revealed in
combination with a wide variety routinely used agents such as lovastatin,
tumor necrosis factor α, interferon, vincristine, cepharanthine or
rituximab, mafosfamide, vincristine, doxorubicin, and dexamethasone
[46-51]. The striking feature is that the discovered synergism was in
combinations with various antitumor agents with completely different
mechanisms of action. Fagagnini et al. investigated that onconase is able
to form a dimer which retains activity of its native monomer [52]. They
also treated human pancreatic adenocarcinoma cells (PaCa44) with
onconase-dimer (ONC-D) and onconase-monomer (ONC-M) alone or in
combination with gemcitabine. The results showed that ONC-D was
significantly more cytotoxic in comparison with ONC-M. This antitumor
activity was further strengthened by combination with gemcitabine.
ONC has already been studied in phase II and phase III clinical trials. In
phase II ONC as a single agent was investigated in patients with nonsmall-cell lung cancer, renal cell cancer, breast cancer and also in
combination with tamoxifen in prostate cancer and pancreatic cancer
[53-57]. ONC proved to be superior to doxorubicin in a phase III trial in
malignant mesothelioma patients, while preliminary results of another
Drug Drug Abuse doi:10.31487/j.DDA.2020.01.04

Increasing the selectivity of onconase on cancer cells and facilitating its
internalization is possible due to conjugation with tumor-targeting
monoclonal antibodies. Fusion with humanized antibody directed to
CD22 antigen specific to B-cells was tested in vitro on human lymphoma
cell lines (Daudi and CA-46) and in animal models [62, 63]. In vitro,
onconase was significantly faster internalized, and its cytotoxicity
enhanced 10 000-fold when joined to antibody. In vivo, mice bearing
Daudi lymphoma cells treated with onconase coupled to anti-CD22
antibody had the longest life span in comparison to onconase alone,
antibody alone and their mixture treatment. It was also evidently less
toxicity. Weber et al. performed and studied fusion anti-CD22 antibody
with one and more molecules of onconase [64]. Cytotoxic effect in in
vitro trial was the highest for conjugation with the number of three
onconase. However, when 4-12 molecules were attached, the
cytotoxicity decreased significantly.
Presenting on the surface of most T and NK cells but overexpress on Tcell acute lymphoblastic leukemia (A-LL), rapidly internalized CD7
antigen was also chosen for the purpose of target treatment. Onconase
attached to antibody directed to CD7 antigen was studied in vitro on TVolume 2(1): 4-8
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lymphoblastic leukemia cells (Molt 3) [65]. The results showed that this
fusion caused 1000-fold increased activity of onconase. Another
conjugation with CD74-directed antibody was targeted for treatment
non-Hodgkin lymphomas (NHL) and multiple myeloma [66]. It was
successfully tested in vitro reached high and specific cytotoxicity. Mice
bearing NHL cells (Daudi and Raji) cured with this immuno-onconase
achieved longer median survival time and improved therapeutic effect in
comparison to saline and mixture of anti-CD74 antibody with onconase
treatment. An observed adverse event was liver toxicity.

Chemokine receptor (CXCR) is overexpressed in many types of cancers
like colon, small-cell lung cancer, breast, ovarian, pancreatic, renal,
prostate, glioma and haematological malignancies (melanoma, nonHodgkin’s lymphoma, chronic lymphocytic leukemia, acute myeloid
leukemia). Sequence binding CXCR was combined with onconase and
tested in various cancer cell lines [73, 74]. Results showed increased
internalization and cytotoxicity this treatment in comparison to native
onconase. However, on the normal cell, there was no effect.

MRK16 is an antibody directed to membrane protein named Pgp, which
is responsible for multidrug resistance (MDR) in cancer cells. It is known
that using this molecule enables the cytotoxic action of vincristine.
Newton et al. investigated whether fusion MRK16 with onconase
modulated the activity of MRK16 [67]. Tested immuno-onconase was
rapidly internalized (after 1h cure) in in vitro multidrug resistance human
colon carcinoma cell line (HT-29) trial and more efficient potentialized
action of vincristine. In mice model, treatment with onconase conjugated
to MRK16 combined with vincristine was more potent than single
onconase and vincristine but less effective than single onconase with
MRK16 and vincristine.

Chitosan is a specific targeting malignant gliomas peptide obtained from
scorpion venom. However, it is deprived of antitumor activity. For this
reason, conjugation with cytotoxic molecule became necessary to exploit
it’s potential. Wang and Guo attached onconase to chitosan and
subjected to testing [75]. In in vitro trial with human glioma cells (U251
and SHG-44) fusion of onconase and chitosan demonstrated significant
superior cytotoxicity in comparison to onconase and chitosan mixture.
Mice bearing human glioma cells treated with conjugated onconase and
chitosan presented lower tumor weight due to higher inhibition tumor
increase when compared to treatment with both saline and mixture of
onconase and chitosan. Dose-dependent anti-glioma effect did not prove
in vivo.

Onconase was also attached to monoclonal antibody directed to
epidermal growth factor receptor (EGFR), whose increased presentation
worsened the prognosis in different cancers (head and neck, bladder,
ovarian, cervical) [68]. In in vitro study, Kiesgen et al. noted
significantly faster internalization and higher antitumor activity of
onconase when fused to antibody in comparison to native onconase (12h vs. 24h) in EGFR positive cancer cells lines (human head and neck
squamous cell lines and human epidermoid carcinoma cell line). These
results were also confirmed in tumor-bearing mice models. Besides,
mice treated with immuno-onconase lived significantly longer and did
not present renal failure. To improve its efficiency of cytosolic
translocation, EGFR-directed antibody-onconase connection was
equipped in sequence responsible for the endosomal escape mechanism
of the dengue virus [69]. This fusion exhibited increased cytotoxicity in
vitro. Likewise, amphinase was joined with TNF-α to targeting EGFR
[70]. In vitro, this fused molecule demonstrated increased pro-apoptotic
efficiency in few EGFR-positive tumor cells lines in comparison to
native-amphinase. Mice bearing breast carcinoma (MDA-MB-468)
treated with amphinase attached to TNF- α showed significantly lower
tumor volume than mice received amphinase alone.

Following target of oncological treatment became the transferrin
receptor (TfR), which is overexpressed in numerously cancers.
Connection onconase and TfR-targeting antibody was performed to
increase efficacy RNAse [76]. This assumption was confirmed in trial
with TfR rich cancer cells (HepG2 and Hela). The results showed dosedepend cytotoxicity of onconase attached to TfR-antibody, which was
significantly higher than single onconase activity. One of the reasons of
the high glomerular filtration of onconase, which results in kidney injury
and short circulating half time, is small molecular weight of this RNase
[77]. To avoid it, the conjugations increasing the molecular size were
performed. As a result of fusion onconase with albumin-chitosan
polymer (hybrid nanocarrier) cationic molecule (named ONC-HNC) was
created and tested in vitro with the human mesothelioma REN cells [78].
In comparison to onconase, ONC-HNC was more effectively delivered
to cancer cells and significantly increased inhibition of cell viability.
These results was explained by controlled release of onconase in the
cytosol and positively charged ONC-HNC which facilitate endocytosis
by negatively charged cancer-cell membrane. Also, conjugation
onconase with both albumin and tumor-targeting antibody increased
effectiveness of its delivery to tumor and cytotoxicity [44].

It was investigated that the Trop-2 played an important role in
tumorigenesis. This calcium signal transducer has accelerated
expression in many cancers. In vitro, onconase attached to antibodydirected Trop-2 showed most antitumor impact for breast (T-74D,
MDA-MB-468), lung adenocarcinoma (Calu-3) and cervical (ME-180)
cancer cell lines [71]. It was also quickly internalized. In mice-bearing
lung adenocarcinoma, significantly inhibit tumor growth was achieved
for treatment with immuno-onconase in comparison to untreated control.
The idea treatment targeting Trop-2 has been expanded by targeting to
antibody more than one copy of onconase [72]. The immunotoxin
contains four onconase molecules turned out to be 100-fold more
effective than standard immuno-onconase and 3000-fold more potent in
comparison to native onconase. This conjugation also increased life mice
bearing breast cancer cells (MDA-MB-468).

To further increase tumor-delivery onconase, Fernandez-Ulibarri et al.
exploited adenovirus with transgene of connection onconase and
antibody targeting EGFR [79]. Its cytotoxicity was revealed in vitro for
oral adenosquamous carcinoma (Cal27), pancreatic carcinoma (Panc-1)
and head and neck cancer (HNO210). In mice bearing epidermoid
carcinoma (A431), this therapy after intratumoral injection significantly
decreased tumor size. Another approach to internalization of onconase
was to use photodynamic therapy [80]. This method proved effective in
studies with squamous cell carcinoma of head and neck.

Drug Drug Abuse doi:10.31487/j.DDA.2020.01.04

Conclusions/Future Perspectives
Although a major advancement in antitumor treatment has been
observed, still several human malignancies remain incurable. A
Volume 2(1): 5-8
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promising approach can be the one that involves targeting RNA. Of
particular interest are numerous observations that ONC acts strongly
synergistic while combined with one of the several different antitumor
drugs. This was observed in vitro in combination with the agents used
during standard treatment such as tamoxifen or trifluoperazine in solid
tumors. Interestingly, in combination with vincristine, ONC has shown
high toxicity even against multidrug resistant cells. Recently, there were
attempts to bind ONC with antibody in order to increase toxicity
selectively towards tumor cells. Fusion of a human monoclonal antibody
with ONC will increase binding to tumor cells. Moreover, this protein
displayed enhanced specificity, potency and decreased systemic toxicity
in experiments on mice. The further direction of anticancer therapy is
thought to involve aggressive protocols of chemotherapy in combination
with targeted therapies. As discussed above, there is preclinical evidence
that immunoRNases might be a new class of adjunct drugs, that will
significantly enhance the therapeutic activity of standard
chemotherapeutic treatments of various tumors. Such an approach may
be a promising direction in further multidrug clinical applications. The
full therapeutic potential and detailed mechanism of action still remain
to be elucidated.
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