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Hanbonee 3HauMMbIM KOMIIOHEHTOM CEKpPETOMa ME3eHXMMHBIX CTPOMAasIbHBIX
kietok (MCK) cunratorcsi BHeKJieTouHble Be3uKysbl (BB). B cBoem coctaBe
BE3UKYJIbI HECYT HaOOp 6eIKOB, 6MM0aKTUBHBIX JIUINA0B, HYKJIEMHOBBIX KIUCJIOT,
3aIMIIas UX JUMUAHBIM OMcI0eM, a TPy TMOIVIOLIEeHUM KJIeTKaMU-MUIIIeHSIMU
MOTYT J€MOHCTPUPOBATh CTOVKME pereHepatuBHbie 3¢ dekTol. OmHAKO MHOTHE
MCC/IeIOBaTe/M MOKa3bIBAIOT, UTO U APYTMe KOMIIOHEHTbl KOHIMUIIMOHMPOBAH-
HoV cpenbl, Kpome BB, takske yuactBytoT B pyHkuuym MCK. Takum o6pasom,
IJIST BbISICHEHMSI MeXaHM3MOB pereHepaTuBHbix 3(dekroB MCK BaxkHO olie-
HUTb BKJaa BB B aTu nmpoieccol.

BB yuacTBYIOT B MeXXKJIETOUHOM KOMMYHMKaIMH, TepeaBasi OT OJHOM KJIETKU
K OpYyroii 6esKky, 6MOaKTUBHBIE JIMIIMUIbI ¥ HYKJEMHOBbIE KMCJIOThl. BB, mpo-
IyLypyeMble CTBOJIOBBIMM KJI€TKAMM, MOTYT JOCTaBJATh KJIETKaM-MUIIIEHIM
BaKHYIO MHPOPMAIMIO IS pereHepanuy TKaHel mociie nospexaenus [1].

B nogassisioniem GOJBIIMHCTBE CTaTeM, MU3YUYEHHbIX IIPU HAIIMCAHUMU ITOTO 00-
30pa, PaCKPBIThI CXOXKME BOIIPOCHI, TaKMe KaK OMOoreHes3 Be3UKYII, X COHIEePsKU-
Moe, KjaccuduKkanysi o pasMepy, yuyacTve B MeXXKJIETOUHOM B3aMMOIeICTBUMA.
Takske AOCTAaTOYHO NMOAPOOHO PacCMOTpPEeHbl BOMPOCHI CAUSIHUS JIUTaHM-pe-
[IENITOPHOTO B3aMMOMAEMCTBUSI BE3UKYJI C KJIETKOMU-pelumneHTom. JIniib B He-
CKOJIBKUX CTaTbSIX YIIOMMHAETCSI O CIelM(UIHOCTM B3aMMOIEMCTBUS BE3UKYIT
¢ kietkamu. OgHAKO MPU PaCCMOTPEHNM MPUBEIEHHbBIX MPUMEPOB MOYKHO 3a-
METUTb, UTO B KOHEYHOM MTOre IMOApOOHOe OIMcaHMe MeXaHM3Ma paclo3Ha-
BaHMS BE3UKYJ/IbI KJIETKOM CBOAMUTCSI K ONMMCAHNUIO B3aMMOMEMCTBUS JIMTaH I-pe-
LIENITOPHBIX Tap.

[TogHumast Bompoc crenM@uUYHOCTM B3aMMOIENCTBUS BE3UKYJ C KJIeTKaMu,
MbI PeIIIM MOAPOOHO M3YUUTh JIUTaHI-pellelTOpHbIe Tapbl, YIIOMUHAEMbIE
B OOJIBIIMHCTBE cTaTeil. Bo3MOKHO, cieiMUIHOCTDh B3aMMOAEMCTBUST BE3UKY-
JIbI C KJIETKAMM/TKaHSIMM OTIpeiesIsieTCsl He X 61MoreHe30M, COCTaBOM MeMOpaH
M BHYTPEHHMM COCTaBOM, a BCETO JIUIIIb OCOOBIM 3JIEKTPOCTATUYECKUM I10JIEM
TKaHU, MPUBJIEKAIOIIYM Be3MKYJIbl C COOTBETCTBYIOIIVMMM XapaKTepUCTUKAMU
3apsiga [2, 3, 4].

Ucxons u3 3TOro, MOXKHO IPEAIIONOKNUTb, UTO CIEIUUUYHOCTY KaK TaKOBOU
He CYIIeCTBYeT, a CyIIeCTByeT 0ObeMHOe paclipefie/ieHre pa3HO3apssKeHHbIX
BE3UKYJI B 3JIEKTPOCTATHYECKOM I10JIe TKaHeii [5].

YTOOBI OTBETUTH HA BOIPOC O BO3MOKHOCTM pacIipefesieHus] Be3UKYJI, TIpel-
JlaraeTcs co3maTb MOJesib, MpelcKasbiBawollylo OuopacrpeneneHe BB B 3a-
BYCMMOCTM OT €e CyMMapHOTO 3apsiia MOBEepXHOCTU. [lJIsT 3TOro Heob6XomyMo
MOATOTOBUTH OOYYAIOIIYIO U TeCTOBYIO (BaJIMAAIMOHHYIO) BBIOOPKIA.

g aHanm3a OymyT MCIIOJIb30BaThCS TAaOJMUHbIE JAaHHbIE, Ie 0ObEKTOM JIJIs
KaykJI0M 3anyucyu OyaeT MOJIEKYJISIPHbIM KOMITOHEHT MeMOpaHbl BHEKJIETOUHOM



BE3UKYJIbl, a aTpuObyTOM — MeCTO ee paclipepesieHys, MOATBEPKAEeHHOe OT-
KPBITBIMM JaHHBIMM (KOJIMUECTBO aTpuOyTOB MOKeT MeHSThcsl) (Tabs. 1). Coop
IaHHBIX OCJIOXKHSIETCSI OTCYTCTBMEM TOTOBbIX MaccuBOB. Tabsmia popmupy-
eTCsl BPYUYHYIO U3 oObeMa 3apaHee IMOATOTOBJIEHHOM BbIOOPKM JIMTEpPaTypbl
o JaHHOV TemaTuke. OpUeHTMPOBOUHBIN pasmep Tabmuiibl 2 (Mau 6osbiie) *
1000.

Ilnst HermocpeACTBEHHOTO 00yUeHMsI Mofesu obyyJatolast (TpeHMPOBOYHAsI) BbI-
60pKa, IO KOTOPOI IMTPOM3BOIUTCS ONITUMM3ALINS TapaMeTPOB aJITOPUTMa, OyIeT
BKJIIOUATh BCe CJIydyay MpeAcKa3aHusl paclpeneseHns Ha 3HaHUSIX 00 371eKTpo-
dbopeTnueckoy MOABMKHOCTY YACTUIL B 3apSDKEHHOM TIOJIE M 3JIEKTPOCTaTHde-
ckux sbdekrax. s cosganuss JaHHOM BbIOOpKM OymeTt mcrosb3oBaHo 70%
MoJiyueHHbIX AaHHbIX (90% — mpu HemoCTaTOUHOM oObeMe MaHHbIX). [IJis
MPOBEPKY TOYHOCTYU MOJEN ¥ KOHTPOJISI IepeobyueHns] MOJ e TeCTOBAsT BbI-
6opka OymeT COCTOATh U3 3KCIEPUMMEHTASbHO IMOATBEPKAEHHBIX MPUMEpPOB
pacmnpeneneHus Be3uky/l. Iy co3gaHus TaHHOM BBIOOPKM OYmeT MCII0JIb30Ba-
HO 30% monyueHHbIX maHHbIX (10% — Mpu HeAOCTAaTOYHOM OObeMe TaHHBIX).
Crienymoolum 3TarioM SIBJSIETCSI OIpenesieHne Haubosiee MOAXOISIIEro ajro-
puTMa MalMHHOTO o6yuenmsi. [Tocie mM3yueHuUs: myOGaMKAIMA, TTOCBSIIEHHBIX
MOAO6HBIM 3a7ayaM, ObIJIO pellleHO MCIOAb30BaTh AJITOPUTM MAIIMHHOTO 06-
yuenusi Random Forest (RF) kak Hanbosee noaxonsiiero Ajsl pelieHus TaH-
Horo Tuma 3agad. [1anmMpyeTcst UCIOIb30BaTh apXUTEKTYPY CJIYyUalfHOTO Jieca,
rJle KaxKJoe JepeBO B KaueCTBe KPUTepUsl KaueCTBa BETBJIEHMS AepeBa MMeeT
maaekc Gini, myoMHY KaXXKAOTO JepeBa OymeM cuMTaTh ruieprnapamMmeTpoM, Oll-
TUMYM KOTOPOTO ToAGepeM C MOMOIIbIO paHHEM OCTAaHOBKM, OrpaHUYeHNeM
[JTyOMHBI JepeBa, 3aJaHeM MUHMMAJIbHO JOMYCTUMOIO YMCia WIN OTCEeYEeHU-
€M BeTBeIl.

WccnepoBarh maHHbIE Tepen oOydyeHMeM, MPOBEPSITb HaIMUMe CBSI3U MEXIY
1leJIeBbIM TTOKa3aTesjieM U Tpu3HakaMu OOBbEKTOB, OLleHMBAThb MPUPOLY U Ka-
YeCTBO [AaHHBIX, & TAKXKe MHTEePIpPeTHpPOBaThb pe3yyJbTaT PabOThl CIy4YaHO-
ro jieca 6ymem c nomoiibio Metoga Exploratory Data Analysis (EDA) n gnsa
storo B Python 6ygmem ncnonb3oBare 6mbmmoreky SHAP (SHapley Additive
exPlanations). OTo MO3BOJIMT HaM BBbISBUTb HauboJiee 3HAUMMble MPU3HAKU
B Habope TaHHbIX.

[Tocne nmonydeHus monenu OyoyT MpOBepeHbl MMeIoIecs: JaHHble O COCTaBe
BHeKeTOUHbIX Be3ukyn MCK, kynpTuBUMpyeMbiXx B jabopatopuu. Pesynabrar
npefcKasaHus OyeT 3aTeM MOATBEPsKAATbCS SKCIIePUMEHTabHO.

Ta6bnuya 1.
J'[MraHz[-peuenToprIe nmapbl
Donor cell Ligand Receptor Recipient cell Effect

B-cell [6] tetraspan proteins tetraspan proteins Follicular Fine tuning of the immune

(CD37, CD53, (CD37, CD53, dendritic cells response

CD63, CD81, CD63, CDS8I1,

CD82) CD82)
intestinal HLA-DR4- HLA-DR4 T-cell Induce T-cell activation
epithelial specific peptide
cell line T84 [7] H-HSA 64-76
Dendritic cells [8] ICAM-1 LFA-1 T-cells Regulation of immune
responses




Donor cell Ligand Receptor Recipient cell Effect

Cortical neurons CD63 MAP2 Neurons and glial Interneuronal communication

9] cells

4175-LuT cells ITGo 6 B 4 and Lung-resident Src phosphorylation and

[10] ITGa 6B 1 fibroblasts and proinflammatory S100 gene
epithelial cells expression

Pancreatic BxPC- ITGa vB5 F4/80+ macrophages Src phosphorylation and

3-LiT exosomes in fibronectin- proinflammatory S100 gene
rich liver expression
microenvironments

Myeloma cell- Fibronectin heparan sulfate Tumor cells or with p38 and pERK signaling and

derived exosomes marrow stromal cells expression of downstream

[11] target genes DKK1 and

MMP-9, two molecules that
promote myeloma progression
BSp73ASML [12] CDl11b, CDllc, Leukocyte Suppress or promote a cancer-
CD44, CD49d, directed immune response
CD54 and CD62L
AS-Tspan8- p4 B4 Lymph node stroma
Exosomes [13] cells
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Extracellular vesicles (EVs) are considered to be the most significant component
of the mesenchymal stromal cell (MSC) secretome. Vesicles carry a set of pro-
teins, bioactive lipids, and nucleic acids in their composition, protecting them with
a lipid bilayer, and when taken up by target cells, they can demonstrate persistent
regenerative effects. However, many researchers have shown that other compo-
nents of the conditioned environment, besides BB, are also involved in the function
of MSCs. Thus, to elucidate the mechanisms of regenerative effects of MSCs, it is
important to evaluate the contribution of BBs to these processes.

BBs participate in intercellular communication, transferring proteins, bioactive
lipids and nucleic acids from one cell to another. BBs produced by stem cells
can deliver important information to target cells for tissue regeneration after
damage [1].

The vast majority of articles studied in the course of this review reveal similar
issues, such as vesicle biogenesis, their contents, size classification, and par-



ticipation in intercellular interaction. Also, the fusion ligand-receptor interac-
tion of vesicles with the recipient cell has been discussed in sufficient detail.
Only a few articles mention the specificity of vesicle-cell interaction. However,
when considering the given examples, one can notice that, in the end, the de-
tailed description of the mechanism of vesicle recognition by a cell is reduced
to the description of the ligand-receptor pair interaction.

Raising the question of the specificity of vesicle-cell interaction, we decided
to study in detail the ligand-receptor pairs mentioned in most articles. Perhaps,
the specificity of vesicle-cell/tissue interaction is not determined by their biogen-
esis, membrane composition, and internal composition, but merely by the spe-
cific electrostatic field of the tissue that attracts vesicles with appropriate charge
characteristics [2, 3, 4].

On this basis, it can be assumed that specificity, as such, does not exist, but there
is a volume distribution of differently charged vesicles in the electrostatic field
of tissues [5].

To answer the question about the possibility of vesicle distribution, it is proposed
to create a model predicting the biodistribution of BBs depending on their total
surface charge. For this purpose it is necessary to prepare training and test (vali-
dation) samples.

Tabular data will be used for analysis, where the object for each record will be a
molecular component of the extracellular vesicle membrane, and the attribute
will be the location of its distribution confirmed by open data (the number of at-
tributes may vary) (Table 1). Data collection is complicated by the lack of ready-
made arrays. The table is formed manually from the volume of a pre-prepared
sample of literature on the given subject. The approximate size of the table
is 2 (or more) * 1000.

For direct training of the model, the training (training) sample, on which the
algorithm parameters are optimised, will include all cases of distribution predic-
tion based on the knowledge of electrophoretic mobility of particles in a charged
field and electrostatic effects. Seventy per cent of the data obtained will be used
to create this sample (90% if insufficient data is available). To verify the accuracy
of the model and to control model overfitting, the test sample will consist of ex-
perimentally validated examples of vesicle distributions. To create this sample,
30% of the obtained data will be used (10% if insufficient data).

The next step is to determine the most appropriate machine learning algorithm.
After studying publications devoted to similar tasks, it was decided to use Ran-
dom Forest (RF) machine learning algorithm as the most suitable for solving
this type of problems. We plan to use Random Forest architecture, where each
tree has Gini index as a quality criterion of tree branching, the depth of each tree
will be considered as a hyperparameter, the optimum of which will be selected
by early stopping, limiting the depth of the tree, setting the minimum acceptable
number or cutting off branches.

Once the model is obtained, the available data on the composition of extracel-
lular vesicles of MSCs cultured in the laboratory will be verified. The prediction
result will then be validated experimentally.



Ligand-receptor pairs

Table 1.

[9]

cells

Donor cell Ligand Receptor Recipient cell Effect
B-cell [6] tetraspan proteins tetraspan proteins Follicular Fine tuning of the immune
(CD37, CD53, (CD37, CD53, dendritic cells response
CD63, CDS8I1, CD63, CD81,
CD82) CD82)
intestinal HLA-DR4- HLA-DR4 T-cell Induce T-cell activation
epithelial specific peptide
cell line T84 [7] H-HSA 64-76
Dendritic cells [8] ICAM-1 LFA-1 T-cells Regulation of immune
responses
Cortical neurons CD63 MAP2 Neurons and glial Interneuronal communication

4175-LuT cells ITGo 6 B 4 and

Lung-resident

Src phosphorylation and

Exosomes [13]

[10] ITGa 6B 1 fibroblasts and proinflammatory S100 gene
epithelial cells expression
Pancreatic BxPC- ITGa vB5 F4/80+ macrophages Src phosphorylation and
3-LiT exosomes in fibronectin- proinflammatory S100 gene
rich liver expression
microenvironments
Myeloma cell- Fibronectin heparan sulfate Tumor cells or with p38 and pERK signaling and
derived exosomes marrow stromal cells expression of downstream
[11] target genes DKK1 and
MMP-9, two molecules that
promote myeloma progression
BSp73ASML [12] CD11b, CDl1l1c, Leukocyte Suppress or promote a cancer-
CD44, CD49d, directed immune response
CD54 and CD62L
AS-Tspan8- p4 p4 Lymph node stroma

cells
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