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Abstract
Objective

Due to high cytotoxicity effect, ribonucleases (RNases) are known as pharmacological agents
with therapeutic potential. The high potential of these enzymes in the destruction of RNA strand
and their other substrates and subsequently, cell destruction or cessation of cell division causes a
very high cytotoxic effect of this enzyme in various cancer cells. Hence, this review investigates
the therapeutic applications of ribonucleases, cell pathways and their mode of action as cytotoxic
agents in order to pay attention to them in researches related to the health and therapy fields.
Materials and methods

In this study the keywords such as cancer, ribonuclease, ribonuclease inhibitor and RNA were
used to search in databases including Scopus, SID, IranDoc, PubMed, Google Scholar, Web of
Science and IranMedex. In order to select the documents used, all articles published in non-

English and Persian languages, duplicate articles, articles that could not be accessed to the full
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text, as well as articles that were presented as abstracts were removed. Finally, the selected cases
were thoroughly studied and summarized in order to prepare the current review.

Results

The study and review of research conducted showed that ribonucleases have the ability to kill
tumor cells and that these enzymes have antiviral properties. Bovine pancreatic ribonuclease
(RNase A), bovine seminal ribonuclease (BS-RNase), Onconase, and angiogenin are known as
RNases with high antitumor activity which exert cytotoxic activity on cancer cells selectively by
involving different cellular pathways and/ or enhance the cytotoxicity by mutation. Also, the study
of articles related to the function of ribonucleases showed that the investigation of genetic
pathways of synthesis and mechanisms of cytotoxicity in these enzymes will provide the
development of new pharmaceutical products in the future. Utilization of engineering processes
and chemical changes in ligand / receptor structure may increase the toxicity of ribonuclease
molecules in order to select cytotoxic pathways on malignant cells. Therefore, it is necessary to
discover the therapeutic potential and to study in detail the therapeutic values of ribonucleases.
Conclusions

Ribonucleases are potentially bioavailable drug candidates, and in regard to their toxicity, which
is based on the selective hydrolysis of intracellular RNA molecules and specific cell membrane
recognition processes, these enzymes can be used as anti-tumor drugs or therapeutic agents.
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Table 1. Cytotoxic RNases and their mode of action
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OY 90 glig o il g odd Juale
ggllygakhovenko . RNA 55 el g 3)ly Josomm 4 95 o albe SUlS gy
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. S > b . 5 Jlows
Makarov et al. Thyroid cancer . e e seminal 9 Jis
2008 In vitro, bind to cell membrane fluid BS-RNase
and disturb bilayer membrane
and rnter to cytosol for degrade
the natural RNA in cell
sl 4y b yuo S Sy s e o IRNA o 55
Sxallje) (glogiow S gl sanngy] g jluols i kb :
Shlyakhovenko 90 )9" Sloguw )b g0 et 9 B O LJ e
2016 legligse ol o dpde i g S 55531
Burnysheva et Human lung cancer, Degradation of tRNA and azlygd sl ’
al. 2016 pancreatic inhibit the protein synthesis Rana pipi Onconase
. k ks pipiens
adencarcinoma which leads to activation of
and mesothelioma caspases and induced
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Shlyakhovenko
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2016 Under clinical trial : . oryzae RNase T1
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Shlyakhovenko 5 LIRNA ;5 il (6350 Loy o 55
2016 i e e :
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Shiyakhovenko e 07 (sl o loaly Jlg i
Kanwar et al. bbbl cov ezl s 0 52 o ARNA R P S gign,
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. . . culture
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Shiyakhovenko S Sl & derist B
T e 155, aBgs A€
Schwartz et al. b ol cos _ i) 55 ey ] T2 Ll sigm,
2007 Under clinical trial Blocking  blood SPPP'V to Human cell ~RNAse T2
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. . culture
angiogenesis
Shlyakhovenko 4 se5 b olo & Sluyyes iy
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Table 1 continued. Cytotoxic RNases and their mode of action
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Antiviral effect against
plant virus, rabies virus
and influenza virus
strains

s sl 13 RNSE (5laes 5T Jobos Cons sl
S Jglw (1313 1,8 Bud 9 39,9

b oy T (ol Lol losgas o)Ll (Jolo )6 slojlS signs) 5l (6 (Jshos Corams 9 (SIBI el 4y Jlgly3 lolllas
N8 daaly Jobo B GLRNA (s 9003, jte 0ad calin Jsho puodbigivw (1900 4 4l bl )3 ()15 slise
Ciytaly Jolo S po g CiBgio Jolu J315 10 gy 3w ( 2Sly ol 4 j> (Haigis et al. 2002) aules sMie g o3l
Ul ¢ Jobo gaw (olid ladd 5 oo b Jobo 4 3909 sl (Jobo 2yl GLRNESE 235 o sl ol 4y 00
S50 Seiliwly Sl polaisl e Jlal )b 5L g 1S oo )8 L)l Jsbo o (polaidl (slaoki S (wized 5 S
b Jsko 4 3959 slp (6988 Jlows ;S 9590, o ;L4sST .(Shlyakhovenko 2016) s salsgs 5)ly Jobo pdaw (55 5
a3l plo (clp 5039 (gt (slross 1S okl oyl s LLS,1 )5 Lawdls sLid |5 39390 Jlo jgiam (laolSls
Qasly Smwgl Byl 5l Gls dlawly L BS-RNASE o cul sus ools s cldllas 3 45 008l o (polaid] jES o0,
JS8) )l syt Cupmns (e s (sl sl 5 Loy 5Tl Lol 0950 )9 iy i g ey slaglo 4 a3l ko &y
5 Jsko o Jydedlows (o o el (- oyl ldolis (slo STy ook 51 s (5L g w3l ol e ol ()
.(Bracale et al. 2003) 39 o @y g 18l 0 3] Aidd o Lgo wdds |y A5ty 5 93 &S (a5lg oy laldgw (63
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(Olmo et al. 2001; Haigis and Raines 2003)

<d) Gk 5l WS gign s -0limwe Jokw ok clinl b ows WS gign ) (S why 5 Jilend ) S
Jow Jgigimm 1 jgmmwgail dawly 4 g 0aul Juale Jobu Wil 4 (Johw g (SR013,S L 9 G
(Kanwar and Kumar 2017) dgui 0 3,9

Figure 1: An overal scheme of interactions of cytotoxic RNase with host cellular
components. RNase binds on to the cell membrane by lipid rafts or receptor and enters into
the cytosol by endocytosis (Kanwar and Kumar 2017)

b 1S Cllrd punnilSo g (Il Cuoms Sl
Jsbo 5 355 ol il ol 1 ble & sige 535 RNA 0355 3yy0m slaousl clyicss S g

Lok Jojgimw )3 WS $gn) 08l (g S o Jlosl Jsho RNA 55 davly &) (g)led o (Sojglom 5l

¢y

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



BN,

(VEe o 5l e) yloud VY 0,93) (55,0l (5599555 g loro

s,

S8 e oo gl g Coan dbml g Jsbo @B slajS gy Sl i 5 (bl a5l sy o a5 4 g 4 392
&S Jgjgim y 39390 (&5l gny 08 oo b Jlasl 4 s 45 51> o laiwl giel S 4300, (Benito et al. 2005)
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! Nuclear factor kappa-light-chain-enhancer of activated B cells
2 Reactive oxygen species
" Tumor-associated carbohydrate antigen
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Figure 2. Action of RNase on the RNA in the target cell (Shruti et al. 2016)
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WS giges) Johoo ol ) Gl (18 Sy Jsho s (gl cunle Ll S 4 p )l Slilgu 5 s asl H
215 3 MLEL2 Sgegiy (sl Jobo o 53 95 0 43l 55 (g oSl lgie 4 o8 (TAQ) E ug g oyjissl -1
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Figure 3. An overal scheme of interactions of RNases and receptor on malignant cell(s)
surface. A: The RNase molecule binds to the cancerous cell components (Glycans or
heparin-sulphate proteoglycan, lipid raft etc. which act as receptors) due to Columbic
interactions, B: RNase-receptor interactions lead to activate the endocytosis pathway for
cellular uptake of RNase into the cytosol, C: RNase transportation from cell surface to
cytosol by endocytosis pathway leads to degradation of RNA by RNase which causes cell

death of cancerous cells (Kanwar and Kumar 2017)
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Table 2: RNase-receptor interaction on cancerous cell surface
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Figure 4. Models of dimers designed from RNase A. A: models of C-terminally domain-
swapped RNase A dimer (PDB entry 1F0V) B: tandem RNase A (based on PDB entry
7RSA). The two RNase A entities are indicated in dark green and red, respectively, the
inhibitor is shown in light green (Arnold and Ulbrich 2006)

o)

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



BN,

(VEe o 5l e) yloud VY 0,93) (55,0l (5599555 g loro

s,

(8 35 4ol

Horker 4l p &5 gl oo Sl 4 oy b g ditan (S onld Canj b ogill (29, slanals ajUS gige)

gl sisa; oy 51 5l Gl oe 1dl oo Jsho Lt lulis (ol sloasylyd 5 Jolo J315RNA (o JsSUse 5l
D> 1y sgeg sladobe (32 o 5l (U5 WjllS gign ) 0 ploxl slagtngly (bl 3,5 3k (Sloyd Jalse b g y9095 22
oo Coos 3] SlopuailSle 5 St (S5 Sl ypo (w2 W) 5 (g9 15 S iz en il el g 0352
ol 5 6o b g 5,5 dnlgs wald ol 3 1y s 5 eyl 5 o3zl L i oagld Y guasme dloxal 51l LIS g
sl ypne 5] jlate 4y S 9390 5 laJgSge Curmns I8 Cusl (1Son gt ) S SlS Lo 13 (oleonsd Sl g (odigee
Sl il Sl oyp g Sloyd Juwily GBS (plpls 258 wol)d wd sladobe ) 2 ) ly SenS gt
S5 ) gie 4 o] 51 oolitel bl 5 njldS giges, oylyd S oMbl (500 dlio ] 15 bl e (695 oIS gige
Y guame o3 g (SulS ola img 50 byl 5l oolin] cas bl gign y yida Olalllas  (o5lel dllie () Canl apal g 23,5

5L Koo gledn] 3 o)l

&

w3 gy ke (s (WAA) senl odgul cplue  Slimd & pals (b (e iiedlgs Lo ydame (6 pmas apes 150yl
(Fsge Sl 5 Sialisd> Sllllae jloslizal b 55 SSSb JW gigny bl pSsisionl lsis & Syl

YEYOV OY Gl ob pole slo ings,
References
Akbari B, Farajnia S, Ahdi Khosroshahi S, Safari F et al. (2017) Immunotoxins in cancer therapy:
Review and update. Int Rev Immunol 36, 207-219.
Ardelt W, Ardelt B, Darzynkiewicz Z (2009) Ribonucleases as potential modalities in anticancer
therapy. Eur J Pharmacol 625, 181-189.
Ardelt B, Ardelt W, Pozarowski P (2007) Cytostatic and cytotoxic Properties of amphinase: A
novel cytotoxic ribonuclease from Rana pipiens oocytes. Cell Cycle 6, 3097-3102.
Ariannejad H, Nassiri MR, Javadmanesh A, Ghovvati S et al. (2019) Designing of protein
structural of Ranpirnase based on bovine pancreatic ribonuclease with using molecular
dynamic and static simulation. Iranian J Anim Sci Res 12, 351-360 (In Persian).

Arnold U, Ulbrich HR (2006) Natural and engineered ribonucleases as potential cancer
therapeutics. Biotechnol Lett 28, 1615-1622.

oY

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



RN,

YEoo cdl)&oﬁsd.ﬁi)" ‘_4,359

wamsml,

Baranzini N, De Vito A, Orlandi VT, Reguzzoni M et al. (2020) Antimicrobial role of RNASET2
protein during innate immune response in the medicinal leech hirudo verbana. Front
Immunol 11, 370.

Benito A, Ribo M, Vilanova M (2005) On the track of antitumour ribonucleases. Mol BioSyst 1,
294-302.

Boix E, Acquati F, Leonidas D, Pulido D (2020) Editorial: Role of Ribonucleases in immune
response regulation during infection and cancer. Front Immunol 11, 236.

Bosch M, Benito A, Ribo M (2004) A nuclear localization sequence endows human pancreatic
ribonuclease with cytotoxic activity. Biochem 24, 2167-2177.

Bracale A, Castaldi F, Nitsch L, D’Alessio G (2003) A role for the intersubunit disulfides of
seminal RNase in the mechanism of its antitumor action. Eur J Biochm 270, 1980-1987.

Burnysheva KM, Petrushanko 1Y, Spirin PV (2016) Ribonuclease binase induces death in T-cell
acute lymphoblastic leukemia cells by apoptosis. Mol Biol 50, 302-306.

Cruz E, Kayser V (2019) Monoclonal antibody therapy of solid tumors: clinical limitations and
novel strategies to enhance treatment efficacy. Biologics 13, 33-51.

Cuchillo CM, Nogués MV, Raines RT (2011) Bovine pancreatic ribonuclease: fifty years of the
first enzymatic reaction mechanism. Biochemistry 50, 7835-7841.

Danishefsky SJ, Shue YK, Chang MN, Wong CH (2014) Development of Globo-H cancer
vaccine. ACC Chem Res 48, 643-652.

De Lorenzo C, Arciello A, Cozzolino R, Palmer DB et al. (2004) A fully human antitumor
immunoRNase selective for ErbB-2-positive carcinomas. Cancer Res 64, 4870-4874.

Dickson KA, Haigis MC, Raines RT (2005) Ribonuclease inhibitor: Structure and function. Prog
Nucleic Acid Res Mol Biol 80, 349-374.

Eller CH, Chao TY, Singarapu KK, Querfelli O (2015) Human cancer antigen Globo H is a cell-
surface ligand for human Ribonuclease 1. ACS Cent Sci 1,181-190.

Esposito L, Donnarumma F, Ruggiero A, Leone S et al. (2019) Structure, stability and aggregation
propensity of a Ribonuclease A-Onconase chimera. Int J Biol Macromol 133, 1125-1133.

Findlay D, Herries DG, Mathias AP, Rabin BR et al. (1961) The active site and mechanism of

action of bovine pancreatic ribonuclease. Nature 190, 781-784.

Formoso E, Matxain JM, Lopez X (2010) Molecular dynamics simulation of bovine pancreatic
ribonuclease A - CpA and transition state-like complexes. J Phys Chem 114, 7371-7382.

Forouharmehr A, Nassiri MR, Ghovvati Roudsari S, Javadmanesh A (2020) Production and
introduction of a novel immunotoxin based on engineered RNase A for inducing death to
Herl-positive cell lines. J Cell Physio 235, 4679-4687.

oy

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



BN,

(VEe o 5l e) yloud VY 0,93) (55,0l (5599555 g loro

s,

Ghosh SC, Neslihan Alpay S, Klostergaard J (2012) CD44: A validated target for improved
delivery of cancer therapeutics. Expert Opin Ther Targets 16, 635-650.

Gotte G, Laurents DV, Merlino A, Picone D et al. (2013) Structural and functional relationships
of natural and artificial dimeric bovine ribonucleases: new scaffolds for potential antitumor
drugs. FEBS Lett 587, 3601-3608.

Gotte G, Menegazzi M (2019) Biological activities of secretory RNases: Focus on their
oligomerization to design antitumor drugs. Front Immunol 10, 2626.

Graca VC, Silva MS, Reis LV, Sousa F et al. (2014) Ethylenediamine-Derived Chromatographic
Ligand to Separate BSA, Lysozyme, and RNase A. Chromatographia 77, 1529-1537.

Guillem P, Jiarui L, Fatima A, Helena L et al. (2019) Testing a human antimicrobial RNase
chimera against bacterial resistance. Frontiers in Microbiology 10, 1357.

Haigis MC, Kurten EL, Abel RL, Raines RT (2002) KFERQ sequence in ribonuclease A-
mediated cytotoxicity. J Biol Chem 277, 11576 -11581.

Haigis MC, Raines RT (2003) Secretory ribonucleases are internalized by a dynamin-independent
endocytic pathway. J Cell Sci 116, 313-24.

Jordaan S, Akinrinmade OA, Nachreiner T, Cremer C et al. (2018) Updates in the development
of immunoRNases for the selective killing of tumor cells. Biomedicines 6, 28.

Kanwar SS, Kumar R (2017) Ribonuclease as Anticancer Therapeutics. Enz Eng 6, 162.

Kanwar SS, Mishra P, Meena KR (2016) Ribonucleases and their applications. J Adv Biotechnol
Bioeng 4, 17-26.

Kobe B, Deisenhofer J (1996) Mechanism of ribonuclease inhibition by ribonuclease inhibitor
protein based on the crystal structure of its complex with ribonuclease A. J Mol Biol 264,
1028-1043.

Lee SY, Kang MS, Jeong WY, Han DW et al. (2020) Hyaluronic acid-based theranostic
nanomedicines for targeted cancer therapy. Cancers 12, 940.

Lee HH, Wang YN, Hung MC (2019) Functional roles of the human ribonuclease A superfamily
in RNA metabolism and membrane receptor biology. Mol Aspects Med 70, 106-16.

Leich F, Koditz J, Ulbrich-Hofman R, Arnold U (2006) Tandemization endows bovine pancreatic
ribonuclease with cytotoxic activity. J Mol Biol 358, 1305-1313.

Liu M, Gou F (2018) Recent updates on cancer immunotherapy. Precis Clin Med 1, 65-74.
Lomax JE, Bianchetti CM, Chang A, Phillips GN et al. (2014) Functional evolution of
ribonuclease inhibitor: Insights from birds and reptiles. J Mol Biol 426, 3041-3056.
Makarov AA, Kolchinsky A, Ilinskaya ON (2008) Binase and other microbial RNases as potential

anticancer agents. Bioessays 30, 781-90.

o¢

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



RN,

YEoo cdl)&oﬁsd.ﬁi)" ‘_4,359

wamsml,

Mitkevich VA, Makarov AA, llinskaya ON (2014) Cell targets of antitumor ribonucleases. Mol
Bio 48, 181-188.

Mohammadabadi MR, Mozafari MR (2019) Enhanced efficacy and bioavailability of
thymoquinone using nanoliposomal dosage form. J Drug Delivery Sci Technol 47, 445—
453.

Olmo N, Turnay J, Buitrago GG (2001) Cytotoxic mechanism of the ribotoxin-sarcin induction
of cell death via apoptosis. Eur J Biochem 268, 2113-2123.

Olombrada M, Lazaro-Gorines R, Lopez-Rodriguez JC (2017) Fungal ribotoxins: A review of
potential biotechnological applications. Toxins (Basel. 9, 71.

Pochechueva T, Alam S, Schétzau A, Chinarev A et al. (2017) Naturally occurring anti-glycan
antibodies binding to Globo H-expressing cells identify ovarian cancer patients. J Ovarian
Res 10, 8.

Pouckova P, Skvor J, Gotte G, Vottariello F et al. (2006) Some biological actions of PEG-
conjugated RNase A oligomers. Neoplasma 53, 79-85.

Riccio G, D’Avino C, Raines RT, De Lorenzo C (2013) A novel fully human antitumor
ImmunoRNase resistant to the RNase inhibitor. Protein Eng Des Sel 26, 243-248.

Roiz L, Smirnoff P, Bar-Eli M, Schwartz B et al. (2006) ACTIBIND, an actin-binding fungal T2-
RNase with antiangiogenic and anticarcinogenic characteristics. Cancer 106, 2295-308.

Saxena A, Saxena SK, Shogen K (2009) Effect of Onconase on double-stranded RNA in vitro.
Anticancer Res 29, 1067-71.

Schwartz B, Shoseyov O, Melnikova VO, McCarty M et al. (2007) Cancer Research 67, 5258-
5266.

Suhasini AN, Sirdeshmukh R (2006) Transfer RNA cleavages by onconase reveal unusual
cleavage sites. J Biol Chem 281, 12201-12209.

Suhasini AN, Sirdeshmukh R (2007) Onconase action on tRNA (Lys3), the primer for HIV-1
reverse transcription. Biophys Res Commun 363, 304-3009.

Shruti G, Sukhdev S, Shamsher K (2016) An overview on ribonuclease and their therapeutic
effects. Insight Med 1, 1-11.

Suri S, Panda B, Javed S, Mohd A (2007) RNase: A novel enzyme for treatment of cancers.
Internet J Oncol 5, 1-5.

Wang X, Li Y, Li Q (2017) Hyaluronic acid modification of RNase and its intracellular delivery
using lipid-like nanoparticles. J Control Release 263, 39-45.

Wang Z, Tang Y, Xie L, Huang A et al. (2019) The Prognostic and Clinical Value of CD44 in
Colorectal Cancer: A Meta-Analysis. Front. Oncol. 9, 309.

00

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



BN,

(VEe o 5l e) yloud VY 0,93) (55,0l (5599555 g loro

s,

Wu L, Xu 'Y, Zhao H, Li Y (2020) RNase T2 in inflammation and cancer: Immunological and
biological views. Front. Immunol 11, 1554.

Yuki S, Kondo Y, Kato F (2004) Noncytotoxic ribonuclease, RNase T1, induces tumor cell death
via hemagglutinating virus of Japan envelope vector. Eur J Biochem 271, 3567-72.

Zhang H, Chen J (2018) Current status and future directions of cancer immunotherapy. J Cancer
9,1773-1781.

o1

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



