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Abstract

© Copyright 2017 Anna Makeeva et al. Extracellular bacterial ribonucleases such as binase from
Bacillus  pumilus  possess  cytotoxic  activity  against  tumor  cells  with  a  potential  for  clinical
application. Moreover, they may induce activation of tumor-derived macrophages either into the
M1-phenotype  with  well-documented  functions  in  the  regulation  of  the  antitumor  immune
response  or  into  M2-macrophages  that  may  stimulate  tumor  growth,  metastasis,  and
angiogenesis.  In  this  study,  binase  or  endogenous  RNase1  (but  not  RNA  or  short
oligonucleotides) stimulated the expression of activated NF-κB p65 subunit in macrophages.
Since  no  changes  in  MyD88 and  TRIF  adaptor  protein  expression  were  observed,  toll-like
receptors may not be involved in RNase-related NF-κB pathway activation. In addition, short
exposure (0.5 hr) to binase induced the release of cytokines such as IL-6, MCP-1, or TNF-α (but
not IL-4 and IL-10), indicative for the polarization into antitumor M1-macrophages. Thus, we
revealed increased expression of activated NF-κB p65 subunit in macrophages upon stimulation
by binase and RNase1, but not RNA or short oligonucleotides.

http://dx.doi.org/10.1155/2017/4029641

References

[1] G. J. Van Der Bij, S. J. Oosterling, S. Meijer, R. H. Beelen, and M. van Egmond, "The role of macrophages in
tumor development, " Cellular Oncology, vol. 27, no. 4, pp. 203-213, 2005.

[2] V. L. Serebruany, V. Cherepanov, H. A. Cabrera-Fuentes, and M. H. Kim, "Solid cancers after antiplatelet
therapy: confirmations, controversies, and challenges, " Thrombosis and Haemostasis, vol. 114, no. 6, pp.
1104-1112, 2015.

[3] H. A. Cabrera-Fuentes, J. Aragones, J. Bernhagen et al., "From basic mechanisms to clinical applications in heart
protection, new players in cardiovascular diseases and cardiac theranostics: meeting report from the third
international symposium on "new frontiers in cardiovascular research", " Basic Research in Cardiology, vol.
111, no. 69, 2016.

[4] A. H. Klimp, E. G. de Vries, G. L. Scherphof, and T. Daemen, "A potential role of macrophage activation in the
treatment of cancer, " Critical Reviews in Oncology/Hematology, vol. 44, no. 2, pp. 143-161, 2002.

[5] C. Lamagna, M. Aurrand-Lions, and B. A. Imhof, "Dual role of macrophages in tumor growth and angiogenesis, "
Journal of Leukocyte Biology, vol. 80, no. 4, pp. 705-713, 2006.

[6] A. Mantovani and P. Allavena, "The interaction of anticancer therapies with tumor-associated macrophages, "
The Journal of Experimental Medicine, vol. 212, no. 4, pp. 435-445, 2015.

[7] H. Cabrera-Fuentes, N. Kalacheva, R. Mukhametshina et al., "Binase penetration into alveolar epithelial cells
does not induce cell death, " Biochemistry (Moscow) Supplement Series B: Biomedical Chemistry, vol. 6, no. 4,
pp. 317-321, 2012.

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Kazan Federal University Digital Repository

https://core.ac.uk/display/197459836?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://dx.doi.org/10.1155/2017/4029641


[8] H. A. Cabrera-Fuentes, M. Aslam, M. Saffarzadeh et al., "Internalization of Bacillus intermedius ribonuclease
(BINASE) induces human alveolar adenocarcinoma cell death, " Toxicon, vol. 69, no. 7, pp. 219-226, 2013.

[9] A. A. Makarov, A. Kolchinsky, and O. N. Ilinskaya, "Binase and other microbial RNases as potential anticancer
agents, " BioEssay, vol. 30, no. 8, pp. 781-790, 2008.

[10] V.  A.  Mitkevich,  A.  A.  Makarov,  and  O.  N.  Ilinskaya,  "Cellular  targets  of  antitumor  ribonucleases,  "
Molekuliarnaia Biologiia, vol. 48, no. 2, pp. 214-222, 2014.

[11] V. Ulyanova, V. Vershinina, and O. Ilinskaya, "Barnase and binase: twins with distinct fates, " The FEBS Journal,
vol. 278, no. 19, pp. 3633-3643, 2011.

[12] H. A. Cabrera Fuentes, N. V. Kalacheva, R. T. Mukhametshina et al., "Binase penetration into alveolar epithelial
cells does not induce cell death, " Biomeditsinskaia Khimiia, vol. 58, no. 3, pp. 272-280, 2012.

[13] A. R. Garipov, A. A. Nesmelov, H. A. Cabrera-Fuentes, and O. N. Ilinskaya, "Bacillus intermedius ribonuclease
(BINASE) induces apoptosis in human ovarian cancer cells, " Toxicon, vol. 92, no. 12, pp. 54-59, 2014.

[14] V. A. Mitkevich, I. Y. Petrushanko, P. V. Spirin et al., "Sensitivity of acute myeloid leukemia Kasumi-1 cells to
binase toxic action depends on the expression of KIT and AML1-ETO oncogenes, " Cell Cycle, vol. 10, no. 23,
pp. 4090-4097, 2011.

[15] O. Ilinskaya, K. Decker, A. Koschinski, F. Dreyer, and H. Repp, "Bacillus intermedius ribonuclease as inhibitor of
cell proliferation and membrane current, " Toxicology, vol. 156, no. 2-3, pp. 101-107, 2001.

[16] O. N. Ilinskaya, P. V. Zelenikhin, I. Y. Petrushanko, V. A. Mitkevich, V. S. Prassolov, and A. A. Makarov, "Binase
induces apoptosis of transformed myeloid cells and does not induce Tcell immune response, " Biochemical and
Biophysical Research Communications, vol. 361, no. 4, pp. 1000-1005, 2007.

[17] V. A. Mitkevich, O. V. Kretova, I. Y. Petrushanko et al., "Ribonuclease binase apoptotic signature in leukemic
Kasumi-1 cells, " Biochimie, vol. 95, no. 6, pp. 1344-1349, 2013.

[18] A. P. Lozhkin, P. V. Zelenikhin, A. V. Makeeva, E. A. Sokolova, and O. N. Ilinskaya, "Binase induces pro-
inflammatory immune response of macrophages, " Genes and Cells, vol. 9, no. 3, pp. 1-3, 2014.

[19] S. L. Spencer and P. K. Sorger, "Measuring and modeling apoptosis in single cells, " Cell, vol. 144, no. 6, pp.
926-939, 2011.

[20] C. Gasparini, C. Celeghini, L. Monasta, and G. Zauli, "NF-kappaB pathways in hematological malignancies, "
Cellular and Molecular Life Sciences, vol. 71, no. 11, pp. 2083-2102, 2014.

[21] S. Basak, V. F. Shih, and A. Hoffmann, "Generation and activation of multiple dimeric transcription factors
within the NFkappaB signaling system, " Molecular and Cellular Biology, vol. 28, no. 10, pp. 3139-3150, 2008.

[22] A. A. Makarov, I. I. Protasevich, N. V. Kuznetsova et al., "Comparative study of thermostability and structure of
close homologues-barnase and binase, " Journal of Biomolecular Structure & Dynamics, vol. 10, no. 6, pp.
1047-1065, 1993.

[23] O. N. Ilinskaya, N. S. Karamova, O. B. Ivanchenko, and L. V. Kipenskaya, "SOS-inducing ability of native and
mutant microbial ribonucleases, " Mutation Research, vol. 354, no. 2, pp. 203-209, 1996.

[24] M. M. Bradford, "A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing
the principle of protein-dye binding, " Analytical Biochemistry, vol. 72, no. 5, pp. 248-254, 1976.

[25] J. Matousek, J. Soucek, T. Slavik, M. Tomanek, J. E. Lee, and R. T. Raines, "Comprehensive comparison of the
cytotoxic activities of onconase and bovine seminal ribonuclease, " Comparative Biochemistry and Physiology-
Part C: Toxicology and Pharmacology, vol. 136, no. 4, pp. 343-356, 2003.

[26] A.  Bracale,  D.  Spalletti-Cernia,  M.  Mastronicola  et  al.,  "Essential  stations  in  the  intracellular  pathway of
cytotoxic bovine seminal ribonuclease, " Biochemical Journal, vol. 362, no. Pt 3, pp. 553-560, 2002.

[27] O. N. Ilinskaya, I. Singh, E. Dudkina, V. Ulyanova, A. Kayumov, and G. Barreto, "Direct inhibition of oncogenic
KRAS by Bacillus pumilus ribonuclease (binase), " Biochimica et Biophysica Acta, vol. 1863, no. 7 Pt A, pp.
1559-1567, 2016.

[28] K.  M.  Burnysheva,  I.  Y.  Petrushanko,  P.  V.  Spirin,  V.  S.  Prassolov,  A.  A.  Makarov,  and V.  A.  Mitkevich,
"Ribonuclease binase induces death in T-cell acute lymphoblastic leukemia cells by apoptosis, " Molecular
Biology (Moscow), vol. 50, no. 2, pp. 347-352, 2016.

[29] J. A. Hamilton, "Colony-stimulating factors in inflammation and autoimmunity, " Nature Reviews Immunology,
vol. 8, no. 7, pp. 533-544, 2008.

[30] T. Lawrence and G. Natoli,  "Transcriptional regulation of macrophage polarization: enabling diversity with
identity, " Nature Reviews Immunology, vol. 11, no. 11, pp. 750-761, 2011.

[31] R. Noy and J. W. Pollard, "Tumor-associated macrophages: from mechanisms to therapy, " Immunity, vol. 41,
no. 1, pp. 49-61, 2014.

[32] T. A. Wynn, A. Chawla, and J. W. Pollard, "Macrophage biology in development, homeostasis and disease, "
Nature, vol. 496, no. 7446, pp. 445-455, 2013.

[33] L. B. Rivera and G. Bergers, "Location, location, location: macrophage positioning within tumors determines
pro-or antitumor activity, " Cancer Cell, vol. 24, no. 6, pp. 687-689, 2013.



[34] A. Sica and V. Bronte, "Altered macrophage differentiation and immune dysfunction in tumor development, "
The Journal of Clinical Investigation, vol. 117, no. 5, pp. 1155-1166, 2007.

[35] F. Balkwill, "Cancer and the chemokine network, " Nature Reviews Cancer, vol. 4, no. 7, pp. 540-550, 2004.
[36] H. A. Cabrera-Fuentes, M. L. Lopez, S. McCurdy et al., "Regulation of monocyte/macrophage polarisation by

extracellular RNA, " Thrombosis and Haemostasis, vol. 113, no. 3, pp. 473-481, 2015.
[37] S. K. Biswas and C. E. Lewis, "NF-kappaB as a central regulator of macrophage function in tumors, " Journal of

Leukocyte Biology, vol. 88, no. 5, pp. 877-884, 2010.
[38] C. Y. Sasaki, T. J. Barberi, P. Ghosh, and D. L. Longo, "Phosphorylation of RelA/p65 on serine 536 defines an

I{kappa}B{alpha}-independent NF-{kappa}B pathway, " The Journal of Biological Chemistry, vol. 280, no. 41,
pp. 34538-34547, 2005.

[39] M. W. Mayo and A. S. Baldwin, "The transcription factor NFkappaB: control of oncogenesis and cancer therapy
resistance, " Biochimica et Biophysica Acta, vol. 1470, no. 2, pp. M55-M62, 2000.

[40] L. Connelly, W. Barham, H. M. Onishko et al., "NF-kappaB activation within macrophages leads to an anti-tumor
phenotype in a mammary tumor lung metastasis model, " Breast Cancer Research, vol. 13, no. 4, p. R83, 2011.

[41] H. Liu, Y. Ma, L. J. Pagliari et al., "TNF-alpha-induced apoptosis of macrophages following inhibition of NF-kappa
B: a central role for disruption of mitochondria, " Journal of Immunology, vol. 172, no. 3, pp. 1907-1915, 2004.

[42] S.  Janssens  and  R.  Beyaert,  "A  universal  role  for  MyD88  in  TLR/IL-1R-mediated  signaling,  "  Trends  in
Biochemical Sciences, vol. 27, no. 9, pp. 474-482, 2002.

[43] S.  Simsekyilmaz,  H.  A.  Cabrera-Fuentes,  S.  Meiler  et  al.,  "Response  to  letter  regarding  article  "role  of
extracellular RNA in atherosclerotic plaque formation in mice", " Circulation, vol. 130, no. 16, pp. e144-e145,
2014.

[44] S. Simsekyilmaz, H. A. Cabrera-Fuentes, S. Meiler et al., "Role of extracellular RNA in atherosclerotic plaque
formation in mice, " Circulation, vol. 129, no. 5, pp. 598-606, 2014.

[45] R. Medzhitov, P. Preston-Hurlburt, and C. A. Janeway, "A human homologue of the Drosophila Toll protein
signals activation of adaptive immunity, " Nature, vol. 388, no. 6640, pp. 394-397, 1997.

[46] S. C. Sun and S. C. Ley, "New insights into NF-kappaB regulation and function, " Trends in Immunology, vol. 29,
no. 10, pp. 469-478, 2008.

[47] S. C. Sun, "Non-canonical NF-kappaB signaling pathway, " Cell Research, vol. 21, no. 1, pp. 71-85, 2011.


