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Renalase (RNLS) is a recently discovered protein, which plays different roles inside and outside cells.
Intracellular RNLS is a FAD-dependent oxidoreductase (EC 1.6.3.5), while extracellular RNLS lacks its N-terminal
peptide, FAD cofactor, and exhibits various protective effects in a non-catalytic manner. Certain evidence exists,
that plasma/serum RNLS is not an intact protein secreted into the extracellular space, and exogenous
recombinant RNLS is effectively degraded during short-term incubation with human plasma samples. Some
synthetic analogues of the RNLS sequence (e.g. the Desir's peptide RP-220, a 20-mer peptide corresponding
to the RNLS sequence 220-239) have effects on cell survival. This suggests that RNLS-derived peptides,
formed during proteolytic processing, may have own biological activity. Based on results of a recent bioinformatics
analysis of potential cleavage sites of RNLS (Fedchenko et al., Medical Hypotheses, 2022) we have investigated
the effect of four RNLS-derived peptides as well as RP-220 and its fragment (RP-224) on the viability of two cancer
cell lines: HepG, (human hepatoma) and PC3 (prostate cancer). Two RNLS-derived peptides (RP-207 and RP-220)
decreased the viability of HepG, cells in a concentration dependent manner. The most pronounced and statistically
significant effect (30—40% inhibition of cell growth) was observed at 50 uM concentration of each peptide.
In the experiments with PC3 cells five of six RNLS-derived peptides had a significant impact on the cell viability.
RP-220 and RP-224 decreased cell viability; however, no concentration dependence of this effect was observed
in the range of concentrations studied (1-50 uM). Three other RNLS-derived peptides (RP-207, RP-233, and RP-265)
increased viability of PC3 cells by 20-30%, but no concentration-dependence of this effect was found. Data obtained
suggest that some RNLS-derived peptides may influence the viability of various cells and manifestation and direction
of the effect (increase of decrease of the cell viability) is cell-type-specific.

Key words: renalase (RNLS); RNLS-derived peptides; cell viability; HepG, and PC3 cells
DOI: 10.18097/PBMC20236903184

INTRODUCTION

Renalase (RNLS) is a secretory protein
discovered in 2005; it performs various functions
inside and outside cells [1-5]. Intracellular RNLS
exhibits the properties of a FAD-dependent
oxidoreductase (EC 1.6.3.5) [5, 6], which oxidizes
B-NAD(P)H isomeric forms reduced at position 2 or 6
of the nicotinamide ring instead of the metabolically
active position 4 [7]. In the catalytically active
form the FAD cofactor can be “accommodated”
only in a full-length protein containing an N-terminal
peptide [8, 9]. At the same time, this N-terminal
peptide is considered as a signal for the extracellular
localization of the protein, which is cleaved during
the secretion of this protein into the extracellular
space [10]. Extracellular RNLS lacking an N-terminal
peptide is unable to bind FAD [9]. It exerts
various protective effects on the cell through
interactions with receptor proteins [11-14].
The detection of RNLS in the blood indicates that
this protein can act remotely on resident cells
of various organs [14]. However, according to our data,
an intramolecular fragment corresponding to amino acid
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residues 100—116 of the RNLS sequence is not detected
inthe blood [15, 16]. In direct experiments, it was shown
that short-term incubation of recombinant RNLS
with blood plasma preparations caused a significant
decrease in the level of the full-length protein [17].
This obviously suggests that RNLS entering
the circulation undergoes proteolytic processing [17], and
the resultant RNLS peptides have their own biological
activity. Bioinformatic analysis performed using
the Peptide Cutter and Procleave programs revealed
potential cleavage sites, as well as proteolytic enzymes
capable (or not capable) of RNLS processing [17].
In this regard, it was of interest to evaluate the effect
of some of these peptides on cell viability. It has already
been shown earlier that the Desir’s RP-220 peptide
(a 20-mer peptide corresponding to the amino acid
sequence RNLS 220-239) had a significant impact
on cell survival [14].

In this study we have investigated the effect
of six peptides corresponding to several fragments
of the RNLS amino acid sequence, including
the Desir’s peptide RP-220 and its fragment (RP-224),
on the viability of two human cancer cell lines:
HepG, (hepatoma) and PC3 (prostate cancer).
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Table 1. RNLS-derived peptides used in this study

No. RNLS-derived peptide Peptide position in the RNLS sequence Length (residues)

1 RP-104 - NFVAPQGISSIIKHYLK 104-120 17
2 RP-207 - DVPWAGQYITSNPCIR 207-222 16
3 RP-220 — CIRFVSIDNKKRNIESSEIG 220-239 20
4 RP-224 — VSIDNKKRN 224-232 9
5 RP-233 — I[ESSEIGPSLVIHTTVPFGV 233-252 20
6 RP-265 — LVFQQLENILPGLPQP 265-280 16

MATERIALS AND METHODS

The PC3 (androgen-independent adenocarcinoma
of the prostate) and HepG, (liver carcinoma) cell lines
maintained in the collection of cell cultures
of the Institute of Biomedical Chemistry were used
in this study. They were cultivated in the RPMI-1640
(in the case of PC3) or DMEM (in the case of HepG,)
medium (PanEco, Russia) supplemented with 10% fetal
calf serum (HyClone®, ThermoScientific, USA),
2 mM L-glutamine (PanEco), and 1% gentamicin
(Biochemist, Russia). The RNLS-derived peptides,
were synthesized by BelkiAntitela (Russia).
Their amino acid sequences are shown
in Table 1. MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) was obtained from
Sigma-Aldrich (USA). All substances were dissolved in
deionized water.

Cultivation of Cells and Determination of their
Viability using the MTT Test

Cells were seeded in a 96-well plate (Costar, USA)
(2x10* cells/100 pl per well) and cultivated for 24 h
at 37°C in a humified atmosphere containing 5% CO,.
After that, the medium was removed and the test
compounds were added in fresh growth medium (100 pl)
at final concentrations of 1 uM; 5 uM; 10 uM; 25 uM;
and 50 puM. Cells were incubated with RNLS peptides
for 72 h under the same conditions.

The effect of the studied RNLS peptides on the cell
viability was assessed using the MTT assay [18].
Briefly, after incubation with peptides, the medium
was removed and 100 pl of MTT (1 mg/ml) in culture
medium was added to each well. The plates were
additionally incubated for 3 h at 37°C in a humified
atmosphere containing 5% CO,. Next, the medium
was removed from the plates, and 100 pl of dimethyl
sulfoxide was added to each well to dissolve
the formazan crystals formed in living cells.
Optical density was determined at 570 nm using
a GENiosPlus plate analyzer (TECAN, Switzerland).
All data presented here represent the results of three
or four parallel experiments.

RESULTS AND DISCUSSION

Two of the six RNLS peptides tested (RP-207 and
RP-220) reduced the viability of HepG, cells
in a concentration-dependent manner (Fig. la).
The most pronounced and statistically significant
effect (30—40% inhibition of cell growth) was noted
at the maximum concentration of each peptide
(50 uM). Interestingly, the RP-224 peptide, containing
the nine-residue sequence of the Desir’s peptide
(RP-220), basically had no effect on the viability
of HepG, cells.

In experiments with PC3 cells, five of the six
RNLS peptides influenced the cell viability (Fig. 1b).
RP-220 and RP-224 reduced the cell viability, but
no concentration dependence of this effect was observed
in the range of studied concentrations (1-50 uM). Three
other RNLS peptides (RP-207, RP-233, and RP-265)
increased the viability of PC3 cells by 20-30%, but
again no dependence of this effect on the concentration
of the studied peptides was found. In contrast
to experiments on HepG, cells, the effect
of RP-220 and RP-224 on PC3 cells was comparable.
The absence of a concentration dependence
of the action of RNLS peptides on PC3 cells
requires a separate study. It is quite possible
that in order to reveal a dose-dependent effect,
it will be necessary to change the time of culturing cells
with the studied peptides.

Thus, the data obtained indicate that some
peptides formed during the proteolytic cleavage
of RNLS can affect the viability of various cells,
but the manifestation and direction of the effect
(increase or decrease in cell viability) depend on the type
of cells they act on.
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Figure 1. The effect of RNLS peptides on the viability of HepG, (a) and PC3 (b) cells. Letters indicate the significance
of differences versus control: a — p<0.05; b — p<0.02; ¢ — p<0.01.

COMPLIANCE WITH ETHICAL STANDARDS

This article does not contain any research involving
humans or using animals as subjects.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

REFERENCES

1. XulJ, Li G, Wang P, Velazquez H., Yao X., Li Y., Wu Y,
Peixoto A., Crowley S., Desir G V. (2005) Renalase is a novel,
soluble monoamine oxidase that regulates cardiac function
and blood pressure. J. Clin. Invest., 115(5), 1275-1280.

DOI: 10.1172/JC124066

2. Medvedev A.E., Veselovsky A.V., Fedchenko V.I. (2010)
Renalase, a new secretory enzyme responsible for selective
degradation of catecholamines: Achievements and unsolved
problems. Biochemistry (Moscow), 75(8), 951-958.

DOI: 10.1134/S0006297910080018

3. Baroni S., Milani M., Pandini V., Pavesi G, Horner D.,
Aliverti A. (2013) Is renalase a novel player
in catecholaminergic signaling? The mystery of the catalytic
activity of an intriguing new flavoenzyme. Curr. Pharm. Des.,
19, 2540-2551. DOIL: 10.2174/1381612811319140005

186

4.

10.

Desir GV, Peixoto A.J. (2014) Renalase in hypertension and
kidney disease. Nephrol. Dial. Transplant., 29(1), 22-28.
DOI: 10.1093/ndt/gft083

Moran GR. (2016) The catalytic function of renalase:

A decade of phantoms. Biochim. Biophys. Acta, 1864(1),
177-186. DOI: 10.1016/j.bbapap.2015.04.010

Moran GR., Hoag M.R. (2017) The enzyme: Renalase.
Arch. Biochem. Biophys, 632, 66-76.

DOI: 10.1016/j.abb.2017.05.015

Beaupre B.A., Hoag M.R., Roman J., Forsterling F.H.,
Moran GR. (2015) Metabolic function for human renalase:
Oxidation of isomeric forms of beta-NAD(P)H that

are inhibitory to primary metabolism. Biochemistry, 54(3),
795-806.

Milani M., Ciriello F., Baroni S., Pandini V., Canevari G,
Bolognesi M., Aliverti A. (2011) FAD-binding site and
NADP reactivity in human renalase: A new enzyme involved
in blood pressure regulation. J. Mol. Biol., 411(2), 463-473.
DOI: 10.1016/j.jmb.2011.06.010

Fedchenko V1., Buneeva O.A., Kopylov A.T., Veselovsky A.V,
Zgoda V.G, Medvedev A.E. (2015) Human urinary renalase
lacks the N-terminal signal peptide crucial for accommodation
of its FAD cofactor. Int. J. Biol. Macromol., 78, 347-353.
DOI: 10.1016/j.ijbiomac.2015.04.023

Fedchenko V., Kopylov A., Kozlova N., Buneeva O.,
Kaloshin A., Zgoda V., Medvedev A. (2016) Renalase
secreted by human kidney HEK293T cells lacks

its N-terminal peptide: Implications for putative mechanisms
of renalase action. Kidney Blood Press. Res., 41, 593-603.
DOI: 10.1159/000443460.



Fedchenko et al.

11. Wang Y., Safirstein R., Velazquez H., Guo X.J., Hollander L., spectrometric determination of a proteotypic peptide labelled
Chang J., Chen T.M., Mu J.J., Desir G.V. (2017) Extracellular with stable isotopes, Rapid Commun. Mass Spectrom., 32,
renalase protects cells and organs by outside-in signalling. 1263-1270. DOI:10.1002/rcm.8167
J. Cell Mol. Med., 21(7), 1260-1265. DOL: 12.1111/jcmm.13062  16. Medvedev A., Kopylov A., Fedchenko V., Buneeva O. (2020)

12. Kolodecik T.R., Reed A.M., Date K., Shugrue C.A., Patel V., Is renalase ready to become a biomarker of ischemia?
Chung S.L., Desir G.V,, Gorelick, F.S. (2017) The serum Int. J. Cardiol., 307, 179. DOI: 10.1016/j.ijcard.2019.09.045
protein renalase reduces injury in experimental pancreatitis.  17. Fedchenko V., Veselovsky A.V.,, Kopylov A.T,, Kaloshina S.A.,
J. Biol. Chem., 292(51), 21047-21059. Medvedev A.E. (2022) Renalase may be cleaved in blood.
DOLI: 10.1074/jb¢.M117.789776 Are blood chymotrypsin-like enzymes involved? Medical

13. Wang L., Velazquez H., Chang J., Safirstein R., Desir G.V. Hypotheses, 165, 110895. DOI: 10.1016/j.mehy.2022.110895
(2015) Identification of a receptor for extracellular renalase.  18. Morozevich GE., Kozlova N.I, Susova O.Y., Lupatov A.Y,,
PLoS One, 10,e0122932. DOI: 10.1371/journal.pone.0122932 Berman A.E. (2017) Hyperexpression of integrin o531

14. Pointer T.C., Gorelick E.S., Desir G.V. (2021) Renalase: promotes resistance of MCF-7 human breast carcinoma cells
A multi-functional signaling molecule with roles to doxorubicin via ERK protein kinase down-regulation.
in gastrointestinal disease, Cells, 10, 2006. Biochemistry (Moscow), 82(9), 1017-1024.

DOI: 10.3390/cells10082006 DOI: 10.1134/S0006297917090048

15. Kopylov A.T., Fedchenko V1., Buneeva O.A., Pyatakova N.V.,

Zgoda V.G, Medvedev A.E. (2018) A new method Received:  15.05.2023.

Revised: 30. 05. 2023.

for quantitative determination of renalase based on mass Accepted: 01 06 2023,

BJIMAHUE PEHAJIAZHBIX HENITUA0OB HA )KU3HECIIOCOBHOCTbD KJIIETOK HepG, U PC3
B.U. ®eouenxo, I E. Mopozesuu, A.E. Medgeoes*

Hay4ano-uccnenoBarensckuii HHCTUTYT OnoMenuuackoi xumun umenn B.H.OpexoBurya,
119121, Mockaa, IToromunckas yi., 10; *3m. moura: professor5S7@yandex.ru

Penanaza (RNLS) — HenaBHO OTKPBITHIN OENOK, KOTOPBIH MIpaeT pa3HbIe POJM BHYTPH U CHAPYKH KIIETOK.
Buytpuknerounas RNLS npencrasnser co6oit FAD-3aBucumyro oxcupopenykrazy (K@ 1.6.3.5), B To Bpemsi kak
BHekiaerouyHass RNLS, numénnas cBoero N-koHmeBoro mentuaa u kodaktopa FAD, mposBiser pasindHble
3amuTHBIE 3(QQEKTHl NP MOMOIIM HEKAaTaTUTHYECKHX MexaHu3MoB. HakammmBaercs Bc€ Oonblie JaHHBIX,
yto RNLS nna3mel/CBIBOPOTKH HE SIBISAETCA HWHTAaKTHBIM O€JIKOM, CEKPETHPYEMBIM BO BHEKJIETOUHOE
MPOCTPAHCTBO, a OJK30reHHas pekomOuHaHTHas RNLS »sddexTtuBHO paspymiaercss NIpu KpaTKOBPEMEHHOI
MHKyOanmu ¢ oOpa3uamu IUia3Mbl 4YenoBeka. HekoTopble CHHTETHUYECKHE aHalord mnocnemoBareabHocTn RNLS
(mampumep, mnentux [esupa RP-220 — 20-uwieHHBIH MENTHA, COOTBETCTBYIOIIUH aMHHOKHCIOTHOM
nocienoBatenbHoCTH RNLS 220-239) BiausioT Ha BBDKHBAEMOCTh KJIETOK. DJTO CBHUACTEIBCTBYET O TOM,
gto mentuasl RNLS, oOpasyiommecs B XOme NPOTEONUTHYECKOTO MPOIECCHHTa, MOTYT 00Jamarb COOCTBEHHOM
Omonmornyeckoil akTHBHOCTHIO. OCHOBBIBAasACh Ha pe3yiabTarax HEJAaBHETO OMOMH(OPMATHYECKOTO aHaIu3a
noTeHnuaabHbIX caiToB pacuiemieaus RNLS (Fedchenko et al., Medical Hypotheses, 2022) mbI ucciemoBaiu
JIEWCTBHE LIECTH ITENTHIOB, COOTBETCTBYIOIIMX HECKOJIBKMM (hparMeHTaM aMHHOKHCIIOTHOH MOCIIeN0oBaTeIbHOCTH
RNLS, Bxmouas RP-220 u ero ¢parment (RP-224), Ha xu3HecriocoOHOCTh ABYX JMHHUM PAaKOBBIX KJIETOK YEJIOBEKA!
HepG, (remaroma) um PC3 (pak mnpencrarenpHoi xemessl). JIBa mentmma RNLS (RP-207 u RP-220)
KOHIICHTPAIIMOHHO-3aBICHMBIM 00pa3oM CHIKANHN JKU3HECIIOCOOHOCTh KieTok HepG,. Hambonee BBIpaskeHHBIA 1
cratucTryecku 3HaYMMBIA 3¢ dexT (30-40% TopMokeHHE pOCTa KIETOK) OTMEUYEH IPH KOHIEHTPALUH KaXKIOTO
nentuga 50 MxkM. B skcnepumentax c knetkamu PC3 mare w3 mectu nenTunoB RNLS oxaseiBany BIusHUE
Ha JKH3HECHOCOOHOCTh KieToK. [Ipm 3tom RP-220 u RP-224 cHukamu >XU3HECTOCOOHOCTh KIIETOK, OJIHAKO
KOHIICHTPAIIMOHHOW 3aBHCUMOCTH 3TOro 3¢dexra B AMana3oHE HCCIEIOBaHHBIX KoHHeHTpauuit (1-50 MkM)
He HabOmomamock. Tpm nmpyrmx mentuma RNLS (RP-207, RP-233, RP-265) moBelmmanu XU3HECIIOCOOHOCTH
kaerok PC3 na 20-30%, HO 3aBHCHMOCTH 3TOr0 3((eKTa 0T KOHIICHTPAIIMN HCCIEAYEMBIX MENTHIOB OOHAPYKEHO
He Obuto. IlomyueHHbIE AaHHBIE CBUAETEIBCTBYIOT O TOM, YTO HEKOTOpBIC IMENTUABI, OOpasyrommuecs B XOIE
npoTteonuTudeckoro pacmervieEus RNLS, MoryT BiImMsTh Ha JKM3HECIOCOOHOCTH PA3IHYHBIX KJIETOK, OJHAKO
NPOSIBIICHHE M HAIPaBICHHOCTh d(dekra (YBeNnYeHHe WM CHU)KEHHE KM3HECTIOCOOHOCTH KIJIETOK) 3aBHCAT OT THIA
KJIETOK, Ha KOTOPBIE OHU JEUCTBYIOT.

Tonuwiii mexcm cmamuvu Ha PyCcKoOM 3bIKe docmynel Ha cavime xcypuana (hitp://pbmce.ibme.msk.ru).
KiroueBnbie ciioBa: penanasa (RNLS); RNLS nentusr; xu3HecnocoOHOCTh KieTok; kietku HepG, u PC3

®duHaHncupoBaHue. Pabora BhimonHeHa B pamkax lIporpamMmbl (pyHIAMEHTANbHBIX HAYYHBIX HCCIEIOBAHHMA
B Poccuiickoit @eneparnmu Ha gonrocpounsiit mepuox (2021-2030 rr) (Ne 122030100170-5).
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