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HBIE Fram
M 2 VITHINER X, > 7T AR TFIREDH A F I Az ra— REnk
SMERER BECANE PRI D2 b 2 ek L. B A 77 HLR 2 & T KRB 2 Mia A b 5 PO
U

Ty b U= HIEO H O LS B AR FERATT O 2 &2k 0 . MiahE, fiasy
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Wb, HIREB) O B Ol 21T > T\ D, 0 AR F OB RIZES
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&, BEFREBRCHIBNERICER IR INTERS T A 77 40— Ny 7 27
T4 T T4 =Ry I h2ELxy N =7 T F— 71T HHIET VNSRS
M1, ZEEFRE, REe CIERE Y A X 7 2A0BLE B MIERED B il 2
BfEL XS LT DHERBEE LOO®HD, T7bb, Mgk B ChlEn, ZE
EFRESLY Iy M A I AREDT 77 4 —MEE, MiiNT Y bT—7 s
NRTA=B—DEMCEDT b T 7 Z—DH4RK - HIRE D DI E > THAL Y %
Z & BT TN T E T, Ml il OFER RE ERIC L o Tl E
B2 SN ANANERTH 205, MR ERER 7O B AR & 1 IROIEE DR
NS < saddle—node 77 > TE DA RG] v, @Al ia o I PRI
GYZIC X DAL & RO FAPEOBRIC OV T, FREROT T AR
pitchfork 73lif & U CEMREE 41D 5 (2], HAREEHEIK oMl o SUREER 112 & - THR
B SN DEHIRDNAOER - iR Ch MBI, EkoY 1 2 ) RS
Mo R E Y PR & E N DI R RER T L O ORT T 47T 4 — R
Wy I N—="T RHT 4T 74— KRy I =767 S RIZEDSNTND,
Z OffaEIIL, EERAICH LN SN TE IS AT — M ESHHET V&2 H
W, MY A XOEERIZHE S E#E T 5 2 DD saddle—node J3i i & EALICHEL KJE
WO E 2 b 72 57 infinite—period Syl sz i TRl E 7y 2% DM 9 25 H—
DL EEFHIRBICR DWRTH D LIRS D [3], BEROE T 5 Min 5202380\ T,

AR BHALARE E S BT N SBAEFOBRGEOEMIRE BRI TRBY . 2



o OB T EINFEE N3O0 T AZ =R L TWDZ ENAHI
TV 4l, ZoZ &id, MNOEERDOXR Y MU —27 FY 2 — /L OFEEORFIIERF 23
RETOMHEEICE > THESHTWS Z & EEOMMEEIRE (7 727 2—)
W OB L DHIEIATONATND Z EZRRBR LTS, UEDXH>%7 FT 7
B —REBBRLT N T 7 X —DER « W&\ D BLS A ISR O BRI IR AT S 2 &
OJffE & LT, MlaEZ N ABIICAIRT 2. H2WIEHET 22 & nEx 65,
Al & LT, saddle—node 43I=° Hopf 73l 2 /"3 N LB In FIRELR ORI H Y
[5,6]., BUEGHAEWT L L THE < OMEMRPEHTWD, RIFRIZ, #%E&. 3720
HBHEAEERT OMERMD X A FI 7 22T N7 7 2 —[HEBEZERTHZ LICko
THIEFT 2 Z L2 BELIZb O TH Y | ML & L CAEL & il & o
HAEMRE GG LT D, MM KT 2 BIEOREMEIRFREIG T, BI5FARIES
< MR PIEBRIGE RS TR BN B D D R EDERZ RV B a2 — v b &
TN TENEORETH LN, BB L 5 20 RnEIRITE SN TV,
—JFT, BAORA, HE, FRIGEEBTEREZ RS ST 5MENE L ORI R
Y= HEDTE D =X T v 7 RO L R 2 LANTE ., 1B &5
FTDHZEE Xy NI RREAT L5 A4 FI 7 2 4Hl+ 55K Z2 LT Z LI
fill7e B 720N,

LM EBEME A IMF (Acute myelogenous leukemia, AML) %, iEIMERHINH 5\ idiE
1R AR > & MRS b U 72 BT 51T 2 2240 D AR 18 BT IR 5 % AR 5 -

AN

SIEROTCEIC LY TS EFRMINE) b 8 U B IR SR BRI 23 AR L3 & OV 4
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FE L. B2 MEEo A3 i SN2 N A O ThH 5, atEtta
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(FLT3) O H 72 & AL ZHHSAHT D HURME S VX7 B OB FERBZMON TN
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JEIRBI D E DD TAT vl LB S 2 & TH 5 [8], AL L2z
REBOBFE T, AMFFERAMIRE % —7 > b T FHEFRIEOBRIZLY . K
Y10 [ if BRESAS TE H B B 1 9 2 IR A 58 4 FLfi (Complete remission, CR) % i
L. ZO CR ZHEFFT 2 720 OMIfE OFE & L T FRIED R SN DI b b 6T
FRICEY, BEATFRITN2 7%I2E EE o T 5D, [LFIRIE T CEMHERF S E
R 53 DM OEGUEO —RIX, HIFEBEHE THI A AN IR 1) 72 s 74
Dy Mg TICEHL TSI EICLD EEZ LN TWAS—FTI9], A&
S E M & DA EAERNC X 2 S i BREE O R R S, BB DHEST, BT
MWD EDRBDE IS >0H 5,

Z D XD IR E I O AL HUL R e B A FH 5 D DIERBLR] - FoxP3 DFEHLIZ
S THEE SN A HIFEPE T # (regulatory T cells, Treg) T b, Treg MLl EH
2T LIVX — UGS H CAE 2 Ml 5 &V o T ABRRICEE B A R o TV A
[10, 11], AML £ CIZ Treg MU DB 22 MAMBIEE S 415 [12], AML 8 OB S
FORMIL T, AMEMIER B L TV B PR 2 55 B 2385k 9~ 2 MR ik
THERE (Cytotoxic T cells, CTL) MBEZSD—FC, [ MLIpHERE AR 2 i (2 o0
PIHITENE 2 B ok 2 22531 (programmed death-1(PD-1) Z&FKICx4 25U T R TH
% PD-L1, indoleamine 2, 3-dioxygenase (ID0), #HfufEE @ApE & 2 <7 & CD200)
[13-16] ZMEIHEBL L, DD T % Lc Treg MDA ~DIERIZ L - T,
Treg M DAL IMEHE S 41, CTL 0 F = 7% 7 — (NK) Mlfa e & [ iipfi e 2 fEE
T 7 =7 Z—Tfifa (Teff) OIEHEIHICEDL LEZX BN 2DOH D,

DX DI AL TS 2 MBI BREE O U & Treg A D H0H 22 B G- 23585 S
o2 | RIS & L CHMPMIETIER <, Treg 1% U &3 2 0 Mkl Bk
OFIFENER STV 5D, ALFFRIEZ O P IRFRIELE LT, dEmaiiafsi

(hematopoietic stem cell transplantation, HSCT) DAZMEITFRAIN TR . BHE



S-SR D T A2 CRIZIEBWTERAFE L TV D HilpMilaZ EET 5 &2 5
NTWD, HSCT OAZMMEN G, MlAMEEEEZ S 72 T MOBH-LEE ITNET D
THIOIRIEZ B & T2V A S A v OFG2R EBRRG SN 5 —5 T, Saiiflic
B 5 Treg 24— v N & T 20EIEIZ OV TBUERANIFE SN TV D, AML O
JREENHETT L7z~ 7 A% LC, IL-2 diphtheria toxin (IL-2DH) %417 L C# 57
52 EIZEVNTET D Treg Mila & B2 L7 1T CTL Ml 2 Al L7354, BREO R
WEED[17], Treg MALOMEIAILY A R I A o IL-2 1247 LTV 5H 23, IL-2DH 1%
IL-2 A RITHHIROICRE & L C Treg ICHMEA T8I T 5, B L7 AL BE TR LT
NK et & & $12 IL-2DH OG5 21T o 72358, (R OffERFH DO IER I K OH-B%
ROKTFHMELEIN TS 18], FR LIz ML BEENZ R & LT Treg MilaZBrE
L7z T IR D 7 = — X T BRRBR Tl Treg MUBREDAZMENHEGE S LTV D
[19], ZDO XS ITBEICHNET D Treg A AML OIFFHEIKICE W CTHEE Shoob 5,
AWPFED BAYIZ, Treg M3 B5-9~ 2 So Ml BERE (2 SV T OEEEE 7 /L A4
L. Bifipfld & seEiila & OMEERR Yy b U —2 RBRBBT LB A T2
AHHBMNTT D2 LI Y RSB ORI A & RIS 5 AML S AR A
2 A VREHC G T 5 2 L Th D, AR T, AR EFERAAD (L), . HIEE T
i (Treg) . CTL X NK ffifia 72 & B fmeriiifuds X OV E i aikfa 4 fEE S 5= 7 = 7
4 —T i (Tef ), LA E 3 FROMALORFY MIZ I 1T 2 M B & 285 & 3 5 Wik
BRAETVEARET 5, AP L e & OMEAERICIER LB gE [20-
22]ITB T 2T NTIE, AMPHIORESE, B & 2o b e e o
FEGEARHE (immunogenicity) . AR M/ M X 2 A fw M oEE, 2L ko~
a2 AEEICE R, HIFRREETTE L OMLERIEO DRI O T ORI R &
TNDEA T I T AL DRIGITOWVTHG L TV, 12 HEE ffEE M7 (Chronic

myelogenous leukemia, CML) IZBITAF v o —B A2 B ETEHA~F =7 D%)



RATHOWTIE, A ME IS O BN S Hfu b T s 2 A o0 A O BE Db & v
O G IHIE R O T T LA UV CE ST 5 (23, 24], FIIUFICIR ST, B4
DO & 2 ORI I T 2 i OB O BEMENRFK S L>2H D . A AMIM &
S g E O EAMER DT T /MZE VT, PDI, CTLA-4 (CTL associated protein 4)
2L SE IR NI BLT D S IIHIE Sy 1% B8 U CH R IE L S s O
HEDEONREZHAL L5 & T RALDRINTWS[25], AFFRICBITLT AT
TIX, REMEEREIC OV TOFHOET VK SE, BETH7 b T2 — LAk
HREME A I OFTHE & OXSAT T 21TV SERTME (CR) O £ DR L Z T h
Z7 2 —MEBE LTZDZEICRY . ZHEE STV DR R Z )55 08
KGR L, RIS R M EORGHIF S L L2 T80 TH D, =
DT AT TIE, DM & Segiiin & O BEAER % £ 7 b L2 ettt [26-28] 123
WTTTITRESNTVD, LALRRS, ZhDHDET/VISRI2IHEHTERL
7T VTR, Treg MR 5D < SufE it o €7 MBI T TV, ARBFSE
TI. Treg MIRAIZ HD < E BRI T2 BROET LV ERRE L, Z0X (T3
7 AN Ko TRMEEBENE A M ICBIT 2 2 < ORI R ZHHT 5 2 &N TE 5

Z L EIRT,
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2.1 ET )V

[T ZEERAIAR (L), . A T HIME (Treg) . CTL <> NK MHARZ & (3 fips s Al AR X
OYE M RITSEAIAE 2 fRd 3% CTL R° NK a7z E o= 7 = 7 2 —T filifd (Tef ) 2> AL
INHEEMHTET AV EK 1R LT, K212/ 35@ 0, CTL, NK #fd, Treg 72 £
PEHIR 2 B T ORI, 1 MR (hematopoietic stem cell, HSC),
Z NN ORIEGHM (hematopoietic progenitor cell, HPC)., &/ LA E VS —
DRSS AL O & 72 D MINRRE O RIHALE T 5, —J7, HIFEE
(leukemic stem cell, LSC). HULHATHGHND (leukemic progenitor cell, LPC) %
HSC & %\ T HPC (285 A BN RS L7255 U 5 [8], LSC 38 L UVLPC 1@\ i
FEGE - DRAEAERF L TR Y . KETIWIE END B IMPEFERAIAE (L) (3 LSC 7> 5 LPC
R LT, &2UVIELPC 2 bififas bz CREICiH S5 [8], £, AMFEEF

oA (L) TIXBZBAMIEE (TR b= 2) DIHl S TnD720, i LW

aL ATeff

de s dretr

Figure 1. Mechanistic model for crosstalk among leukemic cells and immune cells in AML. The
processes of cell-cell interaction are numbered as follows: 1. Leukemic stem cells and progenitor
cells targeted by effector T cells, 2. Effector T cell suppression mediated by Treg, and 3. Treg

formation promoted by leukemic blast cells (L).



HSC Matured cells

° G ‘ .

nutatlon utatlon

Leukemic blast cells

Figure 2. Leukemic and hematopoietic cell lineages. HSC:hematopoietic stem cell,

HPC:hematopoietic progenitor cell, LSC:leukemic stem cell, LPC:leukemic progenitor cell.

KM TCOFBRBPEITT H, RET /LTI, L, Teff, Treg DIREORRHIZEIZ, £
NEN—EDOFWANIEE (al, aTeff, aTreg) & 1IRDT A b— AME GEEEL dL,
dTeff, dTreg)lZ & > CikE S, LI LSC B L VLPC Offifabiz ik 3& AT 5, —
J7. Teff & Tregld & HITHRMME LIERBHMIIATHY . THHITHSCBITENE
D HPC DRI GICEE S EMAT D, T L DA (al, aTeff, aTreg)ld. £
IWEN ORISR E IR FET —ETH D LIREI LD, L, Teff, Treg DDA
AERE. MEEROBEZ7RT L EWiES k1, k2,k3) & Hill £33 p 2 W T Hill
BRI K- Tk L7, Mlaf oM EERIE, LT OEBAIFFEHREIZE SN TN D,
1) TeffIZEDLSCHIOLPC DZ—7 v T 4 7 ([Teft] DI D al O
D) YRS B D~ T A9 6 B S L7 LSC I CTL IZ K » TRk S 41, LSC
HAREL AN D 72 WG T CIE CTLIZ LSC 23592 Z &N TE 5 [29], Fiz. U o~k
A ST AML B3 F LUV OML /B3 Tl LSC 38 LUV LPC 238k L5795 CTL A%
FHE I 5 [30],



2) Treg (2 X RN Teff O ([Treg] DEGIMIFE S aTeff D) 5 CD8(+) T Ml
WA - R E =T = 7 X —T fla~O5 i, 1IL-2 DA — b7 U U AERIZ X283,

Treg MY T1L-2 ZBEAWINTIHE T 5 2 &12 K o THBEMIC Teff OAERMAIIH S5
[31], &HI2, CD8(HTHMRIZ LW A — b7 U ARk &i7e 1L-2 2 Treg DR &2
LT Teff OAEMIINES DV —T D HET 5 [32],

3) LT D Treg AR ([L]OBEINC K 5 aTreg OGN 5 A5 BRI A
B3 5 s FIdENE %2 FF2 %0 1 (programmed death—1(PD-1) Z &K T 5 Y H o R
Td % PD-L1, indoleamine 2, 3-dioxygenase (IDO) .l E @AM & o <2 B CD200)
%4 Uiz Treg MR O ATESHIL~DOIERIZ Lo T, Treg MBLDAERIMERE S 5

[13,14,33,34], LEXVY. M1 DOFEFAIL, LTFOEMS HFEATEHEINS,

d[L] it
dt L (iﬂi} + [Teff_p) 2 (1.1)
dTers|l k -
T = aAT.ff (A’g —+ [T-reg:p _dTEH {Tefﬂ (1.2)
d[Tyeq] ( L]P )
—— =aT,., | - —dr, . | Tre
dt ks + [L]P frea (1.3)

2.2 T A= —HEER L UEEEH A
R(L2)BLRADNITEHEEND/NT A —F—(alTeff, alreg, dleff, dTreg) Tl
WX, Kanakry & [35] 23455 LT 5 AML BRI BB b SRiE% o U o S8k
BORIEDORRIT — 2 N5 Teff & Treg ORI OREMZ(LZHEE L, Z OHEEE

BT AT XA — K —D454 % MCMC Markov chain Monte Carlo) #EZFHWTHEE L



72o SAS v.9.4(SAS Institute. Carv. NC)® PROC MCMC Z H\WNT /T A —& —HEE %
fT>7-, PROC MOMC TiE, 2U(1.2) 3 L. 3) OEfEfiR 2 A BAEL ORERRIZ AV T
exp (B+a) (BITEEDER., o XT U FL25H) L LTETMMELIZREIT A
— X —EWET D, 4 DDORANRT XA —X—D B OFFiHARE LTN(Q, 10) & Hu,
MCMC A 7 74§13 20000 [A] & L7z,

Kanakry &%, #FE(LFEE2 A L7z BREICB T DLFRIEEEZ O U 2 SER(E]
BOEALa—2AZHFEL, 70— A F A RIEZHWNTY ko712
NMENT 21T > T\ 5 [35], EIE L TL 5 U 7 ERD¥EH) 73%208 CD3 (+) Ml T o 7c,
S HIZ, CD3(+) D 16. T%AN CD3 (+)CD4(+) . 66. 4%A% CD3 (+)CD8 (+) T o7z, CTL I
CD3 (+) CD8 () IZkFJisd D, —J7. Treg i, FoxP3 Z3EHL L T 5 CD3(+)CD4(+) DH T
TN—T"To %N, CD3(+)CD4(+) D 10. 59753 Z D Treg & L TAE S 72, Kanakry &
IE, &Y UNEEORIEEE & HIZ EFRO Y koY Ty FOWNREZRE LT
WHTd, U U REROBEIEBRRICBWTY 7'y FOBIENEE LW EE LT,

BHA DRA L B TOCIL & Treg DR ZHH L=, K3 IZFDFERER LT,
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Figure 3. Time courses of counts of CD3+CD8+ cells (CTLs, closed circles) and
CD3+CD4+Foxp3+ cells (regulatory T cells, closed triangles) estimated from lymphocytes recovery
after induction chemotherapy reported by Kanakry et al.[37]. Dashed lines show time courses of
[Teff] and [Treg] obtained by numerical integration of eqs (1.2) and (1.3) with aTeff=56.53,
aTreg=198.2, dTeft=0.2 and dTreg=0.04 estimated by MCMC method.

Kanakry &3 H Lo 8 RIEEZ O U 2 SEREFGRFR T, RIEMIZBIT 5
L ER B A3 T 5 HiPH L2 5 o 72 58 22 Fifif (complete remission, CR)ICA-7-RHITH S
RSN D, CRIZEBT D [LITHEEFRE ([Llss) iI2d D &fuEL, M3I2RT5
Teff 3 LW Treg DEIET — & LA (1. 2) B LUK (1. 3) ITHS X, MOMC 7542 VTR
7 A —4—(aleff, alreg, dTeff, dTreg) DHEEZIT -7, AML ICHT DB FEM

(CR)IZ. "Bl d 0T By 2 BRHE (L) 23 ARG 00 5%LL T Td 5 IRHE & BRIRAY
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ICEFRSINTWVDED, CRIZBITDEMMTO L OEHEERIZONTORMERERIIITH
T2V, CR TORMEILIZIIT 5 L 28 AERE D 0-5%D#iPH T, FIE £ TORFH]
(relapse free survival, RFS)ICHEFEN/RNE DAL [36]ICHESE ., KM THIE
H EIMERE10000/ L, CRTOD L% EARE LT, [L]ss=100/pL & LTHNT A =X
—HEEEAT o T2, ZORER, 42D T A =4 —0 B OFHE &R,

B (aTeff)=4.03+0.47, B (aTreg)=5.29+ 1.08, B (dTeff)=-1.06+0. 78,

B (dTreg)=-3.23+2.74 Th-o7=, ZDOFHHEH 6, aTeff=56.53, aTreg=198. 2,

dTeff=0.2, dTreg=0.04 & L7z, ARHFFETHWIENRT A —H —DfEZFR 1ITR LT,

Symbol Value

cell influx

aL 0.1- 1000 pL ‘day '
aTeff 56.53 uL 'day |
ATreg 198.2 }lL-lday-l
cell decay

dr. 0.0001 - 1.0 day
dress 0.21:51.51}7_1

ATreg 0.04 day *

cell interaction

ki 1-1000 uL”

ko 160 uL*

ks 200 uL.*

hill coefficient

p 1-10

Table 1: Parameter Values Used in the Simulation

KXW D3 >DXNVT T4 (d[L]/dt=0, d[Teff]/dt=0, d[Tregl/dt=0) D45 T
& D EFIRAEIL, nleqslv R-package [37]&ZHAWTC==— b ETHEMEMIZKRD T,

(1) Oy HRERUZ DUV TlE, MATLAB Ver. 7. 13 (The Mathworks, Inc.) @
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ode23 Z AV THUEME 23K T,

al, dL, kK1 {Z2OWTIER LITRTIRWHEHIFHATEY A T I 7 A2 B L, B—DXE
IRTERIRIEE TR ER 2 DO EFREPFAET 2 Z L OVHIBA L2y, RET AN
Ly A TN EMDE A F I 7 AEFFOZ EEEFEITTERY, k2, k3, plio
WTIRLZE R 2 DD EFIRIED A U DI E L7,

FHIPe GREENC BT 2N TOIEFRE L —E & L, HEHNZL D L, Teff, Treg
DI FRENL, ZNENOMISIREIZ BT 5 LIET D & EHORITT AN h—
VAL DTHREEEBICE DD Z LN TE D20, BB LFIRIEIL, SEHI B G5 RER
2B 5 dL, dTeff, dTreg DHARE LCTET /AL L=, Teff OHIIEBAE LU Treg
DE =7 T 471X, [Teff]I LN [ Treg] OBRFEE NI L OB & L TET L

L7z,
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FHIE MERBLIOEZE
3.1 2 EEFIREE & WA kDB
X A41x, NT A—=H—k2, k3. p DIEIZXT 5 L, Teff. Treg D JEH I DWKTE

PEZRLTWD, 2ODLEREFIREE 1 DORNLEREFIRERIEN AT A—H

—#HTHDOOND,
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Figure 4(a).
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Figure 4. Steady states as a function of the threshold constant k2 of a) leukemic blast cells (L), b)
mature effective T cells (Teff), and c¢) mature regulatory T cells (Treg), and of the threshold constant
k3 of d) leukemic blast cells (L), and of the Hill coefficient p of e) leukemic blast cells (L). Steady
states along the solid lines are stable and steady states along dashed lines are unstable. Parameter
ranges characterized by the existence of two stable steady states separated by an unstable fixed point
are marked by gray backgrounds. Parameter values are alL=1000, aTeff=56.53, aTreg=198.2,
dL=0.01, dTeff=0.2, dTreg=0.04, k1=40, k3=200, p=4 for a), b), c¢) ,and alL.=1000, aTeff=56.53,
aTreg=198.2, dL=0.01, dTeff=0.2, dTreg=0.04, k1=40, k2=160, p=4 for d), and al=1000,
aTeff=56.53, aTreg=198.2, dL=0.01, dTeff=0.2, dTreg=0.04, k1=40, k2=160, k3=200 for e).
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50, [LIDEWLTEREFIRIEIZH 2RI LT, ALFRIEL T L7z [L],
[Teff], [Tregl DX A La—R%RLTWD, HWENZRERTEM (CR) Z#E T, HOT

DEETEFIREBIZESTEBY . AML OFRICHIEL TW5D, M4 TROHHNE 2200

A

ZREEFIRIRIT, AR SFERIA (L) 235K L T S 4RTE (SShigh) & [L]AMEWVRRR

(SSlow) NEHIMICH- D HEFF I LD long—termCR & B3 Z L3 T 5,

500 . | J
| | |
400 [ || T
= i | |
S |
= |
2 300 r | T
2 Y L o Tese |
o - : ' f =
o | |
% Treg \ - e ."I||
o 200 r /ﬂ 1
| : " :
100 ¢ \ o . v/ ]
O I':. II'- / 1 i .
50 100 150 200 250
Time [day]

Figure 5. Time courses of [L], [Teff] and [Treg] after chemotherapy applied for the system staying at
SShigh. Solid lines are for [L] (blue) and [Treg] (red) and dots are for [Teff]. Parameter values are
alL=1000, aTeff=56.53, aTreg=198.2, dL=0.01, dTeff=0.2, dTreg=0.04, k1=40, k2=160, k3=200,
p=4. The chemotherapy was applied with enhanced apoptosis rate constants (dL=1.0, dTeff=0.68,
dTreg=>5.0) during 30 days. The system goes towards the original SShigh after the chemotherapy

with transient increase of [Teff], which corresponds to the state of CR.
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6 alx, SShigh([L}=100000/ L, [Teff]=0.00031/uL, [Treg]=4955/uL, J)ze
N ONEIERISN) (2dH DRIk LT b FRELZEN L-Saoiuiz <L T 5,
LIS 27 R b= AREER dL OEZ NS EL Z LIk, AbFHEIC L0 2
ETHRERSBET S, BlELRIESICKFE LT, BOULO SShigh (RS (F%
T5) D, [LIZMERWZEE 722 E 7 IR AE SSlow ([L]=40/ u L, [Teff]=283/ u L,

[Treg]=8/ u L) I\ZE|ZET % (long-term CR & 72%) MITH LT\ 5, ZiE, SShigh

L SSlow OFNZFINOW G| (basin) & £ DS (basin boundary) DIFEZ R L TV 5,

1200

/

Treg/ pL

600 -

200

Figure 6(a). The trajectories from SShi (not shown in figure) after chemotherapy with different
values of dL. The locations of the state produced by chemotherapy are denoted by closed circles. For
higher dL, the trajectories with dL beyond a critical value change direction from returning to SShi to
converging to SSlo, suggesting two basins of attraction. SShi ([L], [Teff], [Treg] = 100000/uL,
0.00031/uL, 4955/uL, out of figure) and SSlo ([L], [Teft], [Treg] = 40/uL, 283/uL, 8/uL, open
circle in figure) were calculated with dL=0.01. Other parameter values are aL=1000, aTeff=56.53,
aTreg=198.2, dTeff=0.2, dTreg=0.04, k1=40, k2=160, k3=200, p=4. For the chemotherapy duration
of 10 days, decay rate constants were dTeff=0.8, dTreg=>5.0 and dL was changed from 1.0 to 20.0.
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Figure 6(b). The basin boundary denoted by a dotted plane and two trajectories from SShigh (out of
figure). Parameter values are aL=1000, aTeff=56.53, aTreg=198.2, dL=0.01, dTeff=0.2, dTreg=0.04,
k1=40, k2=160, k3=200, p=4. Two trajectories from SShigh by applying chemotherapy during (a)

10 days and (b) 30 days were calculated with dL, dTeff, dTreg of the values of (a) dL=1.0,
dTeff=0.75, dTreg=5.0 and (b) dL=1.0, dTeff=0.6, dTreg=5.0.
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Figure 7. Time courses corresponding to the trajectories returning to SShi. The start of relapse is
delayed with increasing dL. Parameter values are alL=1000, aTeff=56.53, aTreg=198.2, dL=0.01,
dTeff=0.2, dTreg=0.04, k1=40, k2=160, k3=200, p=4. For the chemotherapy duration of 10 days,
decay rate constants were dTeff=1.0, dTreg=5.0 and dL were 1.0, 10.0 and 100.0.
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Figure 8. The basin of attraction of SShi. The size of each dot in the basin indicates the time required
for the system to arrive at SShi from the state denoted by a dot. It takes longer for the system to
arrive at SShi from states distributed along the basin boundary. Parameter values are alL=1000,

aTeff=56.53, aTreg=198.2, dL.=0.01, dTeff=0.2, dTreg=0.04, k1=40, k2=160, k3=200, p=4.
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Figure 9. Steady states as a function of the influx rate aL. of leukemic blast cells (L). Steady states
along the solid lines are stable and steady states along dashed lines are unstable. Parameter ranges
characterized by the existence of two stable steady states separated by an unstable fixed point are
marked by gray backgrounds. Parameter values are aTeff=56.53, aTreg=198.2, dL=0.01, dTeff=0.2,
dTreg=0.04, k1=40, k2=160, k3=200, p=4.
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Figure 10. Effects of Teffs infusion only and prior Tregs depletion followed by Teffs infusion for the
system on the trajectory returning to SShi in hypothetical immunotherapy. The instantaneous
modulations ([Teff]+200/ul and [Treg]-5/ul) were applied at the point denoted by blue circle. The
Tregs depletion forced the system from the point denoted by blue circle to one by red circle. The
same Teffs infusions applied to the points denoted by blue and red circles result in two trajectories,
which one arrives to SSlo (open circle) and another returns to SShi (out of figure). Parameter values
are al.=1000, aTeff=56.53, aTreg=198.2, dL.=0.01, dTeff=0.2, dTreg=0.04, k1=40, k2=160, k3=200,
p=4. For the chemotherapy duration of 10 days, decay rate constants were dL=1.0, dTeff=0.7,
dTreg=5.0.
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Figure 11. Relapse free survival (RFS) curves in the cases of Teff cells infusion with/without Treg
cells depletion and no treatment after chemotherapy. The relapse was defined as the event that the
system overrides the threshold of [L] towards SShigh from CR states, and the duration of CR as the
time from the termination of chemotherapy to the crossing of the threshold. The threshold was set to
be [L]=500/uL. 500 trajectories from SShigh by applying chemotherapyduring 30 days were
calculated with dL, dTeff, dTreg of the values selected randomly from normal distributions of
N(1.0,0.33), N(0.75,0.25), N(5.0,1.67), respectively.Instantaneous [Teff] infusion or [Treg]
depletion was applied after 0.0001 days from time point of chemotherapy termination. The
instantaneous [Treg] depletion was followed by instantaneous [Teff] infusion with time interval of
0.0002 days. Increment of [ Teff] by instantaneous infusion was set to be 200/uL. and decrement of
[Treg] by instantaneous depletion was set to be 100p/L. Parameter values are alL.=1000, aTeff=56.53,
aTreg=198.2, dL=0.01, dTeff=0.2, dTreg=0.04, k1=40, k2=160, k3=200, p=4. The number of the
trajectories without occurring relapse was plotted against the CR duration of the last trajectory with
relapse.

30



AML (28 1) % 5 A B R (CR) 1, BrBfIC I8 C A My 2EERMAE (L) A A AR O 5%LL T
ThHHIREE L BRANCER SN TVAN, RICBIT 5B L RMMTO L 0 RN
S <, OCRIZEIT D HfEREE % 10000/ u LE 95 &, CRTIX L2500/ u L BAF
E72%, MSITRTEY . AET IV TIETFEFIRIEIC L0 2T [L]I2MET U721k,
W72 [Teff] D LR 2T, HO(LIOWIARZ Y, BRICES, 22T, [L]o
B 2500/ u L& U, FhEALSRIEE L 2 S BIELL T IC (L ASHERF S D I & LT
CR WM & &1 5, 500 4 O ML BEEMEZHEEL, v Iab— 3 v &f7
o7, [LIOBEA 500/ u L EARGE L TR Bz CR F D53 Ai & . BRIRIFZE TEH S
AL TU % RFS (Relapse free survival) BIfRICE#H L7, KBEICHIET H /T A —H
—DEIXFE—TH D & L, LI > TREZERIZIIT 5 SShigh & SSlow DOAZE IR —
Thd, KBEOFEFRIEIKT DEZMOERELETNMET HT2DIT, /3T A
— & —(dL, dTeff, dTreg) {Z- DV Tl&, MOMC & THEE L 7= M 2 VT IER 540 0
5T UHE LY TN T aITU, RES iR Z ROz, TOMEELK T 1ITRLZ, 1D
FHEACTFRIEO L DOLGE . 2) FEALFIRIEITHO T Teff MM AT T256. 3
AL &AT o Ttk Tef T MIRIBAEIZSEAT L C Treg MfAbRE 21T o 7256, LA 3
DDAEDNTIUIZEBNTH, B & & HIZHRENE Z 572 WEIA (ratio of relapse
free) BMIF—EIT/ > T 5, RFS B4 10 B0 LR L, FHE b PREE
5 700days # OB TO LG 3 DDA OHERME Z 6720 EIG1E, 1)35. 612, 2%,
2)54.8E2. 7%, 3)54.8E2.6% Th o7, ZD I LD, FHEALFHIEITHNN T Teff
RO 21T 2 7213 5 DNRFNRITRAF CTH D03, Tef £ MIIBMEIZSEAT L C Treg Aifa
BrEZAT o T28G & Teff MBABIHO A DA LIXFAEDORESDR TH D Z & bbb,
R & & BIC—EME L R D HHENE Z HRWEIEIEX, 500 DFLE 9 H SSlow (ZIHT
LHEROEEGEZR LTS, K1 21%, FEEARIEDOH OGS & FHELFERIEIC

BT Treg ffARRDE « Teff MR Z1T - 72358 @ SShigh (X44h) 75 O#LIE %~

31



LTW5, K11 &R, RT A —%—(dL, dTeff, dTreg) 2>\ TiX, IEHHAM
MH T U LY T T B T o T, BB FREEIC KT T Treg MIBEBRZ « Teff #

B Z TS T2 5E . 102 < O#GED SSlo 1T L, {BEGENENWZ L2 RLT

B, M1 10OEEESEL WD,

Tre g/ nL

Tett/uL

Figure 12(a).
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Figure 12. 10 trajectories from SShigh (out of figure) by applying chemotherapy only (a) and
chemotherapy with the following [Treg] depletion and [Teff] infusion (b). 10 trajectories from
SShigh by applying chemotherapyduring 30 days were calculated with dL, dTeff, dTreg of the values
selected randomly from normal distributions of N(1.0,0.33), N(0.75,0.25), N(5.0,1.67),
respectively.Instantaneous [Treg] depletion was applied after 0.0001 days from time point of
chemotherapy termination. The instantaneous [Treg] depletion was followed by instantaneous [Teff]
infusion with time interval of 0.0002 days. Increment of [Teff] by instantaneous infusion was set to
be 200/uL and decrement of [ Treg] by instantaneous depletion was set to be 5/uL. Parameter values
are alL.=1000, aTeff=56.53, aTreg=198.2, dL.=0.01, dTeff=0.2, dTreg=0.04, k1=40, k2=160, k3=200,
p=4.

Curti B, FHEAFEIEIZ L o TCRIZA -7 AL FBHE % NK M AERE (n=16)
Eary br— B (m=15, R =21 2006F NK MlaB 41T/ o 7o E) L I201T
THBEAFIRIER O NK MO R AT~ T 5 [44], WIEETHE, MR, Jetalk
HBEOEAT BEFEROZATIIFE— &0 X 55IE31F bivz, NK M AE
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25% T o7z, 687 H DOBIEHIMIZI T 2 FHRMNE Z 520 EI& ORZ{LO R EE
1XFRD IR DN 7228 (p=0. 138, log-rank test). NK HIFIAERE (n=16) /> & B IC
A LR R O RS RE 11 & 47 LT K —H13k o> NK MRS & 2 BIfELL - CTd 2 it
(=11 ZfH L, =2 hr— AL OB TOHFREIE Z & RNEIE ORFHRIZEL & ik
55 & NKHAARBAEREDIE 9 3 BICHEIE I Z 572725 72 (p=0. 03, log-rank
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T Z B 7eWEIS (ratio of relapse free) L 5% Th -7z, Curti Hlid, CRIREEIZ
oD AL BEZXIG L L72A3, Bachanova B, ¥ H 2 WIEFHERIEICSUL L
(CR Z 25 L T 0) RIS o BE R 2 x5 & LT, NK MBI T L TiThh
% Treg BREDNFIZOWTI]H~NTW S [18], 51, 2003 425 2007 D HIATIZ NK
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MR 2 2 JeAT L CTAT o T2 8E (33%) D 5 301 0 A EICmiH o 72 (p<0. 01) [18], Curti
5 & Bachanova i, xg L L7z AL BEOBRIELEPMHAICR 528, K11, K1
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— R T DR EE AN L WS KD E IRV AR C & 523, GVHD (graft
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DT, B SN D RMAREUIA—IC U CH—[B O L7 & ke (2-3 (8], [
BRSV-250 20 38) (12531 CRBAE L 72 & Tl L. CR OEERERICA B2 AT b
Do T8, GVHD DR AERIIEEEN ) TRAL L BEO S A BICE» - 2 2 & 23
HLTWB[51], REFFETOET VL, [Teff] & [Treg] DA BN < fuyE i
WILEDORGTOPA 2T 26D TH Y | [Treg] DA & [Teff] DI & 2 HH4(m]
IZDle s TRV IR LA DORIZONTIHRE Z1T-72, K1 31F, ¥Ia2lb—va3
YTCRAWEA A DAV a— N ERLTWD, B LERIEO M ARV T, —
ERFH (duration 0) 212, [Treg] OW#KFE, —ERF# (durationl) & [Teff] D

BREEIN 248 0 3K USR] (cyelel, cyele2, cycled. cycled, cycleb)fT->7-,
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Figure 13. Time schedule of induction chemotherapy followed by consecutive cycles of
instantaneous [Treg] depletion followed by instantaneous [Teff] infusion. The first [Treg] depletion
was applied with a time interval (duration 0) after chemotherapy. Time intervals between [Treg]
depletion and [Teff] infusion were set to be constant (duration 1). Arrows denote the time points of

[Teff] infusion and closed circles denote the time points of [Treg] depletion.

1 41%, DB LERIEO B O, 2) B EFEEICH O T [Tef ] OBFRFHEIND
FZe b ERE D IR LAT o 725t 3) LA EIEICHE N C [Treg] OBRKHEA & [Tef £]D
BREER N Z 5 (AR 0 3K LAT > 72858, BLE 3 DDA YN T, HREMRZ HA0El
A (ratio of relapse free) DRI LZ /R L T%, 3 2DLEHEZTNEIL, K& &

HICHEHRENIEZ S5 WEIS (ratio of relapse free) 2MEIE —EEIZINE L T\ 5,

36



100 . . . . . . .

5 cycles

1}egl_+'qbﬁ'r_

Relapse free survival [%]

Tete 7 I

no treatment -

30 1 1 1 1 1 1 1
0 100 200 300 400
Time [dayl]

Figure 14. Relapse free survival (RFS) curves in the cases of 5 consecutive cycles of Teff cells
infusion with/without Treg cells depletion and no treatment after chemotherapy. The threshold for
relapse was set to be [L]=500/uL. 500 trajectories from SShigh by applying chemotherapyduring 30
days were calculated with dL, dTeff, dTreg of the values selected randomly from normal
distributions of N(1.0,0.33), N(0.75,0.25), N(5.0,1.67), respectively.Instantaneous [Teff] infusion or
[Treg] depletion was applied after 0.0001 days (duration 0 in Fig,13) from time point of
chemotherapy termination. The instantaneous [Treg] depletion was followed by instantaneous [Teff]
infusion with time interval of 0.0002 days(duration 1 in Fig.13). Increment of [Teff] by each
instantaneous infusion was set to be 40/uL and decrement of [Treg] by each instantaneous depletion
was set to be 20/uL. Parameter values are alL=1000, aTeff=56.53, aTreg=198.2, dL=0.01, dTeff=0.2,
dTreg=0.04, k1=40, k2=160, k3=200, p=4. The number of the trajectories without occurring relapse

was plotted against the CR duration of the last trajectory with relapse.
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Figure 15. Dependence of relapse free survival (RFS) rate on the number of consecutive cycles of
instantaneous|[ Teff] infusion or instantaneous [Treg] depletion followed by instantaneous [Teff]
infusion. The RFS rates after 700 days from the time point of chemotherapy termination are
indicated. The RFS rates were based on RFS curves which were estimated from 500 trajectories.
Standard deviations in the figure were estimated from 10 RES curves. 500 trajectories from SShigh
by applying chemotherapyduring 30 days were calculated with dL, dTeff, dTreg of the values
selected randomly from normal distributions of N(1.0,0.33), N(0.75,0.25), N(5.0,1.67),
respectively.Instantaneous [Teff] infusion or [Treg] depletion was applied after 0.0001 days
(duration 0 in Fig,13) from time point of chemotherapy termination. The instantaneous [Treg]
depletion was followed by instantaneous [Teff] infusion with time interval of 0.0002 days(duration 1
in Fig.13). Increment of [Teff] by each instantaneous infusion was set to be 40/ulL and decrement of
[Treg] by each instantaneous depletion was set to be 20/uL.. Parameter values are alL.=1000,

aTeff=56.53, aTreg=198.2, dL.=0.01, dTeff=0.2, dTreg=0.04, k1=40, k2=160, k3=200, p=4.
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P 503 10 [El# 0 3R LiThodu, 1 EIE S 3 [ B oI 3 @ o5 & 3 #EHO
LGB 5720 3EMOKELGHEICESWCOEER 2 Bk Thhiz, B
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Figure 16(a).
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Figure 16. The trajectories from SShi (not shown in figure) after chemotherapy followed by
consecutive cycles of [Teff] instantaneous infusion or [Treg] instantaneous depletion followed by
[Teff] instantaneous infusion: (a) 1 cycle, (b) 3 cycles, (¢) 5 cycles. Parameter values are alL=1000,
aTeff=56.53, aTreg=198.2, dL=0.01, dTeff=0.2, dTreg=0.04, k1=40, k2=160, k3=200, p=4.
Chemotherapyduring 30 days were applied with dL=1.0, dTeff=0.69, dTreg=5.0. Instantaneous
[Teff] infusion or [Treg] depletion was applied after 0.0001 days (duration 0 in Fig,13) from time
point of chemotherapy termination. The instantaneous [Treg] depletion was followed by
instantaneous [Teff] infusion with time interval of 0.0002 days(duration 1 in Fig.13). Increment of
[Teff] by each instantaneous infusion was set to be 40/uL and decrement of [Treg] by each

instantaneous depletion was set to be 20/uL.
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