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Bbuonornyeckoe o6ocHoBaHue

Other
tissues

2 [Reference Module in Biomedical Sciences
Encyclopedia of Immunobiology Volume 3, 2016,
Pages 486-492]

T cell
infusion

NTnmdbounTbl, B 0cCOBEHHOCTU HamBHble T 1 B
KITETKN MOCTOSIHHO LMPKYITMPYIOT MEXAyY KPOBbIO
N NMMaTn4eckom CUCTEMOM.

OTN KNETKN BXOAAT B NUM@onaHbIe n
HENMMMONOHLIE TKaHN Yepes3 KPOBEHOCHbIE U
noknaarT ux Yepes numdartnyeckme cocyanbl.
JNTnmdpoumnTel NocTynaroT B NnMmdaTtnyeckme
y3nbl 1 [lenepoBbl BMALWKM TPAHCMUTPUPYS
4yepes BeHyIbl BblIcokoro aHgotenus (HEVS).
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ApantuBHaa T KneTo4yHasa Tepanus

Remove blood from
patient to get T cells

CAR T cells bind to cancer
cells and kill them
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into patient

Make CAR T cells in the lab

Insert gene for CAR
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Grow millions of
CART cells

T-cell Transfer Therapy - Immunotherapy - NCI (cancer.gov)

ApanTtmBHasa T KnetoyHas Tepanua —
TN UMMYHOTEpPanuUn, Npmu KOTopom T
numdouunTtsl (MogNdULMPOBaHHBLIE U
aKTUBUPOBaHHbIE) BBOAATCHA B KPOBb
bornbHOMY Ans 60pbObI C TakKMMKU
3aborieBaHUSAMMN Kak pak nnm
ayTOMMMYHHblEe 3aboneBaHus.
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Llenb paboThbl

(@] 0
LN LIVER

SCLNs |
|(780”qu
IEEE TRANSACTIONS ON BIOMEDICAL PLoS Comput Biol. 2014 May J Pharmacol Exp Ther 368:503-513,
ENGINEERING, VOL 36, NO 3. MARCH 15;10(5):e1003586 March 2019

1989

Llenb paboTtbl: pa3pabotate MaTeMaTUyYeCcKyo Moaesb, ONMMUCbIBalOLLYO NOBEAEHNE SHOOMEHHbIX
T KINEeToK B roMeocTase M 9K30reHHbIX T KIeToK nocre BHYTPUBEHHOIO BBeAEHNS B OpraHu3me
MbILLEW
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Ctagumu paboyero npouecca

O630p hr3nonorm4yecknx
NpoLEeccoB
[Nonck gaHHbIX

NccnepoBaHUAa KUHETUKU T
KNeToK

AHanNn3 gaHHbIX NO
9K30MeHHbIM U SHOOrEHHbIM T
KneTkam

KauecTtBo Bepundmkayum
napameTtpoB, AHann3
YYBCTBUTENBHOCTU
Banngauyus

CocTaBneHune KMHETUYEeCKou
CXeMbl MOAENMN C Y4ETOM
HEKOTOPbIX OCODEHHOCTEN

$

OueHka napameTpoB
romMmeocTaTnyeckomn
nponudepaumn T KNEeToK B
cereseHke

OueHka napameTpoB
MUrpaunm 3HOOreHHbIX T
KNEeToK

OueHka napameTpoB
MUrpaLnmn 3K30rE€HHbIX M,&-S_
KNEeTOoK —



Pa3zBego4Hbi aHaNu3 AaHHbIX
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[J Pharmacol Exp Ther 368:503-513, March 2019] KoHueHTpauwa kneTok ykasaHa B pasmepHocTu knetkn/mn M &S
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Cxema moagenu murpaumm T KneTok

Lung(2) V_inf_thymus

m12
— Blood(1 dT;;
O TR » 7= (1= fucrs) * 14 * Tyiooq — m41
met * Tliver — m45 * Tliver
L ar
k_apo Ll
v Spleen(3) —eztwer = (1 = feerr_ex) * M14 * Tox piooa
lm25 m15/ m13/ m pro
m13ex — mAl * Tox jiver —
m45 * Tex liver T kOff4

«— _— -
LN(5) -— U * Tex_del liver
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Migration and M&S
apoptosis =




Bepudukauua moaenu

T ex. cell in spleen*10%6, cell/ml Tex. cellin blood*106, cell/ml

T ex. cell in liver*1078, cell/ml
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KpuBas — cumynauum mogenu,

xentasa obnactb - 95%
OOBepuUTenbHbIE UHTEPBArbI,
TOYKN — SKCNEepUMEHTarbHbIe
OaHHblEe C JOBEPUTENbHbLIMA
NHTepBanamu.

T cell*1075, cell/ml
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Blood leer
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XKenTtaa konoHka — npeackaldaHnda moaernun, CUHAA KOJ1OHKa —

SKCNnepmmMeHTalibHble JaHHblIE
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AHanu3 YyBCTBUTENbHOCTU

| Blood

LUI_I. .
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PRCC
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Parameters Parameters

Bbin npoBegeH rnodaneHbIM aHanu3 YyBcTBUTENbHOCTU MeTogoMm Partial Rank Correlation Coefficient ans
NapaMeTpoB 3HOOrEeHHbIX T KIETOK AN YPOBHS B KPOBU U ceneseHke. CeMnnunpoBaHmne napameTpos
NPOBOAUNOCL METOAOM NAaTUHCKNKN rnMnNepkyo.
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Banungauua moaenu
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KpuBble — cumynsuum mogenun, obnactun — 95%
noBepuTerbHble MHTEpPBarbl, TOYKM — SKCNEPUMEHTAarbHbIE
OaHHble C oBepPUTESNbHbIMU UHTEPBaNamMu.
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nHdysna CAR-T knetok B fo3e 16.8*10"6

- NHAQY3mnA T KneTok B fose 12*1076

nHgpysmsa CAR-T knetok B gose 1.9*1076

- nHgpyamsa CAR-T kneTok B gose 7.1*10"6

- nHy3na CAR-T knetok B gose 1*10"6

OaHHble gnsa sanupauun: nHdysmus T (Journal of Nuclear
Medicine May 2019, 60 (supplement 1) 277;) unn CAR-T
knetok (Sci Rep. 2021 Jul 23;11(1):15077;), Me4YeHbIX
pagnoakTUBHLIM LUPKOHMEM 89-Zr.
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MccnegoBaHuA ¢ NnOMOLWbIO MoAaenu

Tex cell in blood*1076, Cell/ml

Tex cell in spleen*1076, Cell/ml
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3aBUCUMOCTb YPOBHSA T KNETOK B cerne3eHke OT BBOANMOM
AO03bl

B mogenun ncnonb3yoTcs NUHENHbIE CKOPOCTH
nepeToka mMexay KoMnapTMeHTaMu.

1e+08 -

16+07 1 CUMYNALMSA YPOBHS 9K30reHHbIX T KMETOK B
cerieseHke Ha MOMEHT BpeMeHn 72 yaca
3aBMCUMOCTU TaKXe NoKasblBaET NUHENHYIO

16+061 3aBVMCMMOCTb, YTO COOTBETCTBYET AaHHbIM
akcnepumeHTa (J Exp Med. 1971 Jul 1;134(1):224-
41)

Injected dose of T cell

1e+05 -

1e+04 1e+05 16+06 1e+07
Number of T cell in spleen

UepHagqa npsamas — cumynauna mogenu, 3eneHas
npsiMasa — aKCcrnepuMeHTanbHble gaHHble (J EXp
Med. 1971 Jul 1;134(1):224-41)
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3aKknro4vyeHume

13

Pa3paboTtaHa maTtemaTmnyeckas mogenb murpaunm T KNeTok, onucbiBaloLwwasa aBuxeHne
9HOOreHHbIX T KNETOK B rOMEOCTa3e N KMHETUKY 3K30reHHbIX T KNeTok nocne
BHYTPMBEHHOIO BBEAEHUNSA B OPraHM3Me MbiLLEN

[TapameTpbl MOgenn BepnuLmMpoBaHb!

Mogenb noaTBepxaaeT aKCrnepuMeHTanbHO NoKa3aHHY NIMHENHYIO JO030BYHO
3aBUCUMOCTb YPOBHSA T KNETOK B CENne3eHke

Mopenb nokasbiBaeT, 4YTo ¢ yBenmyeHnem yactm CCR7+ T kneTtok B nonynsaumm
9K30reHHbIX T KNeTok yBenn4YnBaeTcst KOHLUEHTpauusi T KNeTOK B CENe3eHKe U
YMEHbLUAETCA B HENMMMAONOHbIX opraHax (Ne4YeHn n nerkux)

[TnaHupyeTcs, YTo AaHHasa Moaenb OyaeT MNNeEMEeHTMPOBaHa B pa3pabaTbiBaeMyto
MaTeMaTUYECKYH0 MOAENb BUPYCHbIX SKCNEPUMEHTalbHbIX NHAEKLINK
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Cnacmnbo 3a BHMMaHue
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[MTapameTpbl Mogenu

parameter __value n sowce ks ___|

mi2 2.69
m13 0.92
m14 1.07
m51 0.21
m25 0.54
k_apo 0.0036
m15 2.57
m21 233
m34 0.63
mi4 017
Vinf 1463.46
m45 0.58
m13ex 0.073
m15ex 0.051

15

1/h
1/h
1/h

1/h
1/h
1/h
1/h
1/h

1/h
Cell/h

1/h
1/h

1/h

Rate constant of T cell migration from blood to lung
Rate constant of T cell migration from blood to spleen
Rate constant of T cell migration from blood to liver

Rate constant of T cell migration from LN to blood

Rate constant of T cell migration from lung to LN
Rate constant of T cell apoptosis

Rate constant of T cell migration from blood to LN
Rate constant of T cell migration from lung to blood

Rate constant of T cell migration from spleen to blood

Rate constant of T cell migration from liver to blood

Rate of T cell influx from thymus

Rate constant of T cell migration from liver to LN

Fitted
Fitted

Fitted

Calculated based on thoracic
duct lymph flow

Fitted against Dataset#1

Calculated
Fitted
Calculated based on t1/2 in lung

Calculated based on £1/2 in
spleen
Calculated based on t1/2 in liver

Fitted against
Dataset#1
Fitted against Dataset#1

Rate constant of exogenous T cell migration from blood Fitted against Dataset#2

to spleen

Rate constant of exogenous T cell migration from blood Assumed the same as rate

to LN

constant for exogenous T cell
migration fo spleen (m13ex)

1.31
1.42
1.31

1.70

1.42

8.39

1.70
16.2
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[MTapameTpbl Mogenu

Rate constant of exogenous T cell migration in Fitted
kadel 560 204 additional compartment in spleen against Dataset#2 e
Rate constant of exogenous T cell migration in Assumed the same as m31
k3off 0.63 1/h " o ¢
additional compartment in spleen
Constant of T cell degradation in lungs Fitted against Dataset#2
k_deg 0.86 1h g g = 345
Rate constant of exogenous T cell migration in Fitted against Dataset#2
kddel 32.12 1h 5 i ¢ d 10.9
additional compartment in liver
Rate constant of exogenous T cell migration in Assumed the same as m41
kdoff 0.17 1h A il i -
additional compartment in liver
EC50pro 1e+06 cell Rate constant of exogenous T cell migration from blood Assumed based on dataon T
to lung cell proliferation in radiated mice
(Dummer et al. 2002)
Vm_pro 12281 - Maximal rate of T cell proliferation in spleen Fitted against data on
. : 1.77
thymectomized mice (den Braber
etal. 2012)
f_cer7 0.75 - Part of CCR7 positive endogenous T cell Fixed based on experimental
data
f_ccriex 0.5 - Part of CCR7 positive exogenous T cell Fixed based on experimental
data on CCR7 positive
splenocytes
V_blood 205 mi Volume of blood for mice Taken from (Shah and Betts
2012)
V_lung 0.204 ml Volume of lung for mice Taken from (Shah and Betts
2012)
V_spleen 0.127 ml Volume of spleen for mice Taken from (Shah and Betts
2012)
V_liver 1.93 ml Volume of liver for mice Taken from (Shah and Betts
2012)
V. In 0.113 mi Volume of lymph node for mice Taken from (Shah and Betts
2012)
mass_lung 0.130 g mass of lungs Taken (Jiao et al. 2011)
mass_spleen 0.106 g mass of spleen Taken Jiao et al. 2011)

l6mass_'liver 1.013 g mass of liver Taken Jiao et al. 2011)
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T KNeTKn, BblAENEHHbIE U3 CENE3EHKU
MbILLW, MeYeHble pagnoakTUBHbIM Cr-Obinu
BBEEHbl MbllLaM 1 PagNOaKTUBHOCTb B
pa3nn4yHbIX opraHax Obina namepexa.

KoHueHTpauma T knetok B opraHe {cell/ml} =
|ID/g *Bec opraHa*[lo3a/obbem opraHa
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Cucrtema anddepeHunanbHbIX YPpaBHEHUN

dT;
Izll;)od =Vinf — Tyipoq * (M12 + m14 + m13 + f_ccr7 * m15) + m21 Tiung + MA1 * Typer +m51 Ty,
+ m31 * Tp100a — k_apo * Ty1p04
drT
ea;_l;lood = — Tex blood * (M12_ex + m14_ex + ml13_ex + f_ccr7ex*ml15) +m21 * Tey jyng + M4 * Tey jiper

+mS1 * Toy 1y + M31 * Tox p1ooa — k_apo * Tex prood

dTlung
dT,
—e’;—éung = ml3_ex * Tex prooa — M21 * Tex jyng — M25 * Toy jyng — kdeg * Tex jung

dT,
ex_d;’lt_spleen = kdel3 * Tex plooa — kof f3 * Tex del_spleen
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Cucrtema anddepeHunanbHbIX YPpaBHEHUN

drT
Zi‘ln = f_ccr7 « K15 % Ty, .+ MA5 * Toy 1iper + M25 * Ty jyng — kKS1 X * Tey 1
dTy,
gt = f_ccr7 * K15 * Tyipoq + MAS * Tijper + M25 * Tiypg — k51 % Ty
dTy;
Clllzer = m14 * Tpiooq — MAL * Tpiper — MAS * Tijper
dTex_liver

dt =ml4 * Tox proog — M41 * Tex tiver — m45 x Tex tiver + koff4 * Tex del liver — kdel4 x Tex tiver

dTex_del_liver
dt

= kdel4 « Tex_liver — koff4 Tex_del_liver

ATspreen Vmax_pro » T_spleen
————=ml13*T —m31*T + — —
dt 23 % Tblood = ML * Lspleen EC50_pro + T_spleen

dTex_spleen
dt

= m13_ex * Tex ploog — M31 * Tex del_spleen — kdel3 * ex_del_spleen T koff3 = Tex_spleen
19
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KayecTBO Bepudunkaumm moaenw
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Predictions

KauectBo Bepmcbleau,mm Moaderi OTHOCUTEINbHO OaHHbLIX MO KNHETUKe

Mogenb onucbiBaeT aKCnepuMeHTarbHble JaHHbIe Mo
KWHETUKE SK30reHHbIX T KNeTOK B KPOBWU, Cernes3eHke,
Nerknx U nevYeHn, xyxe B KOMNapTMeHTe nnmdaTtuyecknm
y3ern.

Takoe noseneHne Mogenu CBA3aHO C TEM, YTO
BMONOrMYeCcCKNn CMbICIT KOMNapTMEHTa NMMaTU4eCKnn
y3en B MOOENu N B 3KCnepmMeHTarnbHbIX JaHHbIX
OTNnnYyaeTca: B MOLENUN — 3TO CyMMapHbIN numdaTtndeckum
y3en. Kotopbln cobupaet numdyy npakTU4ECKN OT BCEX
OpraHoB U npeacrtaeBnseT cobon ckopee aHanor rpygHoro
NPOTOKa, B 3KCMNEPUMEHTE PaaNOaKTUBHOCTL T KIETOK
Obina namepeHa B niuMdartnyeckom yarne 3agHeun Horum
MbILLW, B TAKOW NoKasribHbIn numdooy3en cobupaercd
MEHbLUee Yncro T KNeToK.

9K30reHHbIX T KNeToK B ceneseHke (CMHMe Kpyrun), nevyeHn (kentble Kpyru),

nerkmx (3enexHole pomMObl), KPOBU (TEMHO-CUHME KBaapaTbl) U

nnmdratrnyeckom yane (bopaosble TpeyrosibHUKKN) NOCe BHYTPUBEHHON

NHAY 31N

20
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