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Novel role of dipeptide species as an onco-nututrient to maintain cancer stem
cells
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5,000,000
(CML)
ML (oML )
SIc15A2 chL
RNA , SIc15A2
ML
cL
SIc15A2
ChL

SIc15A2 CML chL

Although the discover{ of tyrosine kinase inhibitors (TKIs) has been
improved prognosis of chronic myelogenous leukemia (CML) patients, CML stem cells are responsible
for the relapse of CML disease following TKI therapy. We have previously reported that
internalization of dipeptide species plays a crucial role for surviving CML stem cells in vivo. In
this study, we examined a biological role of dipeptide species in the maintenance of CML stem cells
by using SIcl5A2-deficient CML mouse model, which cannot take up dipeptide species. Interestingly,
RNA-sequencing study indicated that the defective dipeptide internalization induced differentiation
of CML stem cells to granulocyte macrophage progenitor (GMP)-like CML cells. Therefore, our results
suggested that inhibiting dipeptide uptake contributes to development of new differentiation therapy
to eradicate CML stem cells in vivo.



¥ XL C—19, F-19—1, Z2—19, CK—19 (Fm)
1. MRBABLYMOESR
() DAMMBEFIIE, DEARLIEFIZE L ONAME £ TN 25T 5 BNABMEN

FAET 5. REEE O 20 AMldiEm O EEIEEEZ F T 501 LT, TOMERTH 52
AUREARIEIFIE FE e & AR ICHIAETEE MR <, R b F—REPERE - BABIERE T
AR CEDRRRENZAT D LEZRDIND. BEOHUN AANLD AMRD O B FETEE %
R E T 2505, HRTEVEDRW A ABRIIIZIER T2 Z LA TE RV, ZORIER, 2 Al
EHUA AR LTI Z R L, BRAF LIe DS AT A0 SR TIRRERE 25, fEo
T, DADOEEERRT D9 2T, DAMIROAEFHERIZED 5 Rk e a2 i L,
ZDAN=ALEREN LT HIRMIELZET 5 2 LITHERERFPEL 2> TN D,

Q) DX BRI AANEREDOHHEPFEE 7> TWDIEEO 12L& L CTEMEEBEME A H
Chronic myelogenous leukemia (CML)23 &1 541 T % . CML (3% i #HifE 2 e LI & 3 5 s
JaRETHY, FERBETELTT 4 7707 ¢ 7 PR 1(9;22)(q34;q22)12 & - TREA S
2% BCR-ABLI 23 ST 5. CML BEDIRFEHE LT, ABLI OF 1o dF— Bk
BA—0y NeTHTFua X —EBHEIK (Tyrosine kinase inhibitor; TKI) A VA fgRA ~F =
7, =aF=T, FYF=T, RRF=T, RAEF=T RSN, B CML B2E 04
TRITF L ®EI N, LL, TKITERO AT CML IIHRIEET, HRIEZ 5 2 L AR
FOERBZBEL 2> TN D.

2. AROEM
(1) CML fifiarficid, K40 CML fifas, CML #iflaz A48 227225 CML OB A

AL (CML BN fFET 5. KE5Z 5D D CML flfidix TKI 12 X » TIRECTE 5208,
CML # X TKI #8227~ L, 1aW#%, RiEx i/ CML #f#idi3iF 0% < © CML #ifg
AL CHRBE A EET. o T, CML OB Z R 572 ®121L CML @i & iR 3 %
B LWIREIEDOBRBE N LE L SN TND.

Q) MFEMFEFIL CML O~ 7 ZAET/VEHWT, REHHEEEER 7 FOX0 A CML #5410
MEFFICE 2R 25 Z L 2% R L7- (Naka et al, Nature 2010), X 512, CML &g o
KERMMED D A X R o — LR 21T > TG F, CML S XA ArHERF IS L B2 e R 56 &
LTORTFREZRINLTWD Z L 2% A L7z (Naka ef al., Nat Commun 2015) . X7 F K
X7 BB 2O TREA LIEREWE THY, DPRIF LRSI VRKR—4F (Slel5A)INZ X > Th
A7 SR~ E WU &35 . SlclSA 1 Slcl5A1, Sle15A2, Slcl5A3, MENC Slc15A4 D 4 D
7771V =MbY, D55 CML BMld T Slel5A2 AEFEB L TWD. LiL, Eo
EIRAD=ALIZE > TUNTF R3 CML SMilaDEFEZHERF L TWDH D0, ZDA =
R AFH ST,

(3) AWIFETIE, ZDOVNTF FORINEITIR ) V_TF KT AR—F Slcl5A2 D/ v 7
TR TRAERNWT, UVXTF RETLGATL Z & DO TER Slel542 R CML sl o~ 7 A
ETNVERBSLL, ARNTO CML 8l OMERICH T 2 T F RO BEFR A SN2
HZLEAME LA FEH LT,

3. HRDAE
(1) SIc15A2 RIE I ABEAFE CML ETIL VT F ROWIZHH D Slcl5A2 &lnFD /) v 7T

U R~ AL, KEI VA KEF David E. Smith X Wt E2Z 7. 2D Slel5A2 D)
77U U A LD Fii M Z BUS L, BT CD4 (L3T4), Hit CDS8 (53-6.7), $t B220 (RA3-6B2),
PUTER119 (Ly-76), $T Gr-1 (RB6-8C5), T Macl (M1/70), $i Sca-1 (E13-161.7), i ONZHT c-Kit



(2B8) PilkZE AW Tz T/ro7c. TNLOFHEEMENS, /LY —%— (FACS Aria
I BD #:8) % AW C, ~ v A& MM (cKit Scal "Linage fllii; KSL M) % & Te ML & Hli
fbL7z. Zo KSL fifaic Ly b v A VAR 2 —% T BCR-ABLI-GFP &5 1% 8 A L7T-

GBI AT EE S VX GFP I X > TR 52 RN TE5). 1 A, 1 b
A U EAMEMER M (S-Clone, =—7 ¢ 7 1Hd) TH:&E#%, WEEUS L7z~ v X (C57BL/6) D
BRI (=7 2 1 LYY 5x10°fifE) & 3Eic, sz BE (9.5Gy) Lz e =y

k<7 A (C57BL/6) IZREARIESICEI VB L T, CML ~Y XAET /LEMNL LT

(2) EfBHEICK S CMLBMBROBCEREDEIT B 12 B, LD CML v~V XE7 /L
OEHE, WU ML Y CML M (GFP'KSL M) Zfifb L, ik & RERIC R PR g &

1T~ A R Z 1T/ o 72, E51T, B 12 B#, “RkBMHEEZ1T/->72 CML < v
AETOLOEHE, WOUZGE LV CML @#ia (GFP'KSL #fia) Z 4l L, MR E 21772
ST~ T A EZRBZITR > T, ERNTO CML 85I B C 4 JLAE 2 gt L7-.

B) TrIHAU ) UHIHE CML ETIL ARNREICHIT O2HAM~ T 2, WO Slel542
/7T U v U AR CML @O ED 2+ 2720, T I % 427 U aFER
CML vV RAETNVEBL LI, 7 N T A 7 ) UFFERI CML ~ U ZAE7 /W%, @il e 2
2T N TV A7) PR EISTELIN T (tTTA) 288D ScltTA N T v AV ==y I~
A (Y 7 Y BT #6209) &, tTA 2 X > C BCR-ABLI &5+ O % i % i 4#6 H 5k 5
tetO-BCR-ABLI N T VAT == 7~ T A (VX 7V UBFFEAT : #6202) D 2 /KD v T AP
T2y IR UANLIRS CML v UV AET IV THD. D Scl-tTA * tetO-BCR-ABL1 ¥ 7V hF
VAV 2=y IR URIT I A7) UFEHEIKTHD FER YA 7 U (Dox) (20mg/l;
Sigma t18) O HIZ XY BCR-ABLI O¥3BL& M| L, Dox # 5% fi1-4 25 Z & T BCR-ABLI
EHRBLSECCML ORIEAXFHETHZ N TELHEACML Y AET L E L TAS HN S
naTnas.

FRROVRTF R NT U RAR=F Slcl542 BIntD/ v 27T 7 b~ AL ScltTA, BIOQ
1etO-BCR-ABLI N7 v AV == 7= ZADAMZATIRN, Slel1 542 K18 Scl-tTA - tetO-BCR-ABLI
VU RAEBNL LT, RWT, BRAERL W ONT Slel5A42 #1517 /K48 Scl-tTA - tetO-BCR-ABLI ~ 7
VAV 2= v ADDox EEAEPIEL, 5HB%, CML~URETILEET-.

(4) Slc15A2 k18 CML ##ifAD#E LFED CML ORIEFELITR - B AR W
Slc15A42 K8 Scl-tTA « tetO-BCR-ABLI h T > AP == v 7 <7 AN BHEEREZIE L,
CD4 (L3T4), i CD8 (53-6.7), #1 B220 (RA3-6B2), #T TER119 (Ly-76), #T Gr-1 (RB6-8C5), i
Macl (M1/70), $t Sca-1 (E13-161.7), 3 ONZHT c-Kit (2B8) #HilkZ AW Tt 2T/ >7-. Zh
SOYEEITo T BHMBEEMENS, By —F—Z T, w7 A CML #@fifld % & e KSL
M ORI L Z1T - 7.

F 7o, Kb B CML #fifin 2 15 % 72, ERifuiIcin z, T CD150/SLAM (TC15-12F12.2),
P CD48 (HM48-1), #L. CD135/FIk2 (A2F10) HtihZ HWTHREEITo7o. T DR EBEIT ST
M S, 'y —4—% T, CD150'CD48 CD135KSL il i & Hiffe L 7=,

(5) ARRO—LEHR BER~T 2, WOIT Slcl5A2 Bln+D /) v 777 b~ ZAHKD
CML IR 3BT DA EEY D LR 24T 5 728, A X AR o — LT 21T -7-. 320 Dox



Behrik s %O CML BIE~ 7 A5, BAERL W ONT Slel542 K8 CML ##fifd (KSL
M) 2 #lifl L7z, BB L 72 CML 8 #ifd13-80°C CHURE PR 1E L7z,

AL R — LRI A Z A o4t CRE, /—ATa I 4 FNNCEFELTL. A Z AR e — L
frixEemEik s e~ br27 77 4/ HE &N HEE (Ultrahigh Performance Liquid
Chromatography/Mass Spectroscopy: UPLC/MS/MS) Waters Acquity UPLC (Waters fLH¢) &
Q-Exactive high resolution/accurate mass spectrometer (Thermo Scientific 1) % FH T3 L 7.

(6) RNA o—9 T U R FAEA~ T A, WO SlclSA2 \InTD /) v 777 h~vAHK
O EH CML #flifz (CD150°'CD48'CDI135KSL flfd)Z H\\ T, RNA —7Z7 T2 RAJEIC LV &
IRFHBLZ AT L7o. RNA > — 2 = 0 AEATIEALIE > A 7 A0 A = AFEIZZEGE L T2, Isogen
W L 0 [\ L 7= RNA O 5L 1T RIN (RNA integrity number)?s 8.5 LA ETH D Z & 2R L7z,
Z A 72 1 —% SMART-Seq v4 Ultra Low Input RNA kit for Sequencing (Takara Clontech) % F\»C
RS L7=. RNA ¥ — 27 = A HiSeq2000 (Illumina #H:5) % F\ T L 7-.

4. HAEEE
(1) Slc1542 R~ 7 AHkOEmMEMAZIC LT, CML OJRK#E{E 1 Tdh D BCR-ABLI % L

FE YA NZEANTEAL, CML ~ Y ZAEF VAR L2, 20 Slcl542 K CML ~ 7 A
D H LR D FEIERE S Z f@ bl L7228, B4R CML ~ w7 A & el U CRIEBIEITFRD B o
7=. &7, CML @il (GFP'KSL FIR) DM DT 24778 o TR, B4R, KON Slel542
K CML ~ 7 ZDH T CML #fla L OBE ICH BRI R bN R o T,

WIZ, BRAERL KON Slel542 K48 CML s HEfE 0@ B AR 21772\, RN To B EEREED
fRMT 21772 o 7=. CML 800 O “ B 21T 78 o 7o~ U AW T HMIFFIERR A B 2110
oo, LinL, ZIRBHZITRo /bR, B4R CML @i & ik LT, Slel542
KB CML 85 Tl A RIERE I DME T LTS Z ERH BN E 2572, 65T, Slel5A2
(LD VAT F RO CML @i o R BIHE O B CEREEOHMERF IZBI b 5 rIRErE 2 Rk &
niz.

(2) CML#pMfaIZ 3T 2 BRIHTE CEBEBEDIK T ORI & 72 5 5 T i &2 i3 5720, AR,
B OSSlel 5A2 R ECMLESMAIZ 36 1T 2 SR B HRCMRBPEN D A & R v — Mgt 24770 o7, ZD A
2R v — MENTCIE, ARNEREISTE WS CREED O 21778 2 728, SlelSA2RE~ ¥
AL, TRTY A7 U AEFRICMLE T L~ 7 A (Scl-tTA * tetO-BCRABLI~ 7 A) & D AZEL % 4T
725 C, Slel5A2RIECML~ U AE T /L& BISL L7z, 2 DSlel 542K AACMLESHE AL (KSLAM ) IZ 351
HABFRR— NEN 2T eo7-. LovL, BAERCMLEMAN & i LT, Slel5A2R HCMLERHH
FZHRNWT, RERLRDHT I BONTT R, TR R VX —DFELEIZEDS 7 Va—2A,
e R, LR Y, HOCEREOETORRA & 722 2R ED ORDITRD b iaroT-.

(3) Slel5A2RBCMLERMINEIZ F6 1T 2B An FRELOMMT 21T 70 o 72, BpAER, W ONTSIlel 542K 48
CML~ 7 A7 /L 1 ) EHCMLEHIE(CD150'CD48'CD 135 KSLA L) & fifk. L, RNAY — 7 =
AN & o THERRWIBIR TR BURNT 21T/ o 72, Z OFER, Slel15A2RBCMLERIL TIXCD33% &
FELL TS Z LA L7z, CD33IE MM TITHBLL TWignas, Bk~ 27 07 7 —
T HITER A (Granulocyte-macrophage progenitor: GMP) CHILL TWA Z M BN TV S, #iE- T,
Slel5A2BARF RBIZ X 5 VT F FIRILOR T IXCMLER MR 2> 5 GMPERCML AR AR L~ D 43
{EZARE L TV 5 ATREMEA RIZ S U7



(4) BLEXDY, Slcl5A21 £ 2 V7 F K OWIUICMLERHIAL O A /3 (b O fE e 12 3 A e %
O AREME A R ST, ARBFFERUR 2 3E & L C, Slcl1SA2BLEAIIC X 5 CMLEHIL O 43 bk &
WIEORREEIT2 O TH 5. £, PICDIBPARITFHENME A MFBOBRERE L THO O
TW5. Ak, SIcISA2MEAIO 512 X HCD33ORBFHFEKL, HCDI3HLAIK L OO E1T 5
& T, HLWCMLIRIERIEDRFE~ L HIR ST LFHTH 5.

5. ELRERWXF
CdesEam ) (5 )

1. Park J.-H., Woo Y.-M., Youm E., Hamad N., Won H.-H., Naka K., Park E.-J., Park J.-H., Kim H.J.,
Kim S.-H., Kim H., Ahn J.-S., Sohn S.-K., Moon J.-H., Jung C.-W., Park S., Lipton J., Kimura S.,
Jong-Won Kim J.-W., Kim D., (2018) HMGCLLI is a predictive biomarker for deep molecular
response to imatinib therapy in chronic myeloid leukemia. Leukemia in press doi:

10.1038/s41375-018-0321-8. PMID: 30555164 (& 7if V)
2. —f=, EBMEEREE A E S, KT v T 4 7, 28(6): 869-877, 2018, (A FE/E L)

3. Naka K., and Hirao A., Regulation of hematopoiesis and hematological disease by TGF-f family
signaling molecules. Regulation of the Bioavailability of TGF-f and TGF-B-Related Proteins,
Derynck, R, Miyazono K. eds., CSHL Press (ISBN 978-1-621820-36-9): 2017. doi:10.1101/
cshprespect.a027987. (FE#HAH V)

4. Morita K., Suzuki K., Maeda S., Matsuo A., Mitsuda Y., Tokushige C., Kashiwazaki G., Taniguchi J.,
Maeda R., Noura M., Hirata M., Kataoka T., Yano A., Yamada Y., Kiyose H., Tokumasu M., Matsuo
H., Tanaka S., Okuno Y., Muto M., Naka K., Ito K., Kitamura T., Kaneda Y., Liu P.P., Bando T.,
Adachi S., Sugiyama H., Kamikubo Y. (2017) Genetic regulation of the RUNX transcription factor
family has antitumor effects. J Clin Invest., 127(7):2815-2828. doi: 10.1172/ICI91788. (&FEH V)

5.4 AT AN AR & U 7e [ s s R R, BE BR LR, 58(10): 1818-1827,2017. (i V)
rayR) Gt 151F)
1. J\IES%, Abd Aziz Ibrahim, P —1=, EHES, LHEEZ, PAI-EMEOREFIC L 2 CMLEEHH
fa DI s A, 55800R] A AR MK P FINEES, “FA304-10H 12-14 A KPR

2. YrHET, EOE, ERIINTEE, fRK%E, 1, v 2T A HAWZCMLBEEIZB T
BHIL-27OHUEISEZN R, F770] B A FE S S, SERK304E9 A 27-29 H, KBk

3. Kazuhito Naka, and Seong-Jin Kim, Novel therapeutic strategy targeting nutrient supply specific to
CML stem cells, The 9™ Japanese Society of Hematology International Symposium , /%3047 A
261, HUERT

4. b =, ERAROKRENB S AT LAEIRN & T DB AEIIRRIEOBYE, KT T
B 29 RIS Y — R FHE L a T ¢ v a v, B2 H 13, KR (FEfFk )
5. Dennis Dong Hwan Kim, Jong Ho Park, Young Min Woo, Emilia Moonkyung Youm, Mark

Minden, Shinya Kimura, Hyeoung-Joon Kim, Chulwon Jung, Kazuhito Naka, and Jong-Won Kim,

Statin enhances eradication of CML leukemic stem cell synergistically in combination with tyrosine



10.

11.

12.

13.

14.

15.

kinase inhibitors through C-MYC pathway inhibition: in vitro and vivo evidences, American
Society of Hematology annual Meeting and Exposition, “Zi%294E12H 9-12H, v a —T 7 -
7 hZ o CKkE)

i —1=, CMLEFHAEOHT LR, BMS CML Symposium 2017, 29411 H 16 H,
IR T (PR E )

=, BRlEEHEE REE R & L B ms sk, 55798 B Ak a5
M4y, FRR294E10H20-22 0, WAL (HF5#H)

Kazuhito Naka, Novel therapeutic strategy targeting nutrition specific to CML stem cells,

Metabolon Seminar, “V&294E10H 10 H, HnT (FRFF#TH)

{f —1=, Duolink® PLAE: T % H\ 7= CMLEEHIRRL 0D & 27" F WARERFSE & Rl AR 3B~ 0D i
H, #5760 A A 2RSS, ERR204E9 028 H, Mt (R4 )

{f —{=, Discovery of novel therapeutics targeting CML stem cells by Duolink® technology,
%2948 A 30 H, Scientist Round Table, ¥ (FAFEkIH)

i —1=, CMLEHIIE OB LU ARRERRS, 4000 )\ & ikt 2 —, FEak294ESHA 19H,
A TR T (FRFRETE)

i 1, SIS 28 Lo 7 U RENFZE, 554000 B AR RS, FR294ET
H20H, FiEXA v v EERESHS, Hn (?Eﬁ%ﬁ?ﬁi)

i —{=, CMLESHIIE DHT L WREEREK, Hematology Seminar in KAGOSHIMA, F-f%294F6
HoR, HERET (BFRFEEE)

Kazuhito Naka, Yoshihiro Takihara, Ichinohe Tatsuo, Eisuke Hida, Yukio Kato, Wataru Yasui,
Seong-Jin Kim, Novel therapeutic strategy targeting nutrient supply of CML stem cells, Global
Academic Programs 2017 Conference, -i%294F5H 9H, 7 AJ « & = — A h i CKEH)

Kazuhito Naka, and Wataru Yasui, Novel therapeutic strategy targeting nutrient supply of CML

stem cells, Special Session Translational Molecular Pathology Division of Pathology Meeting

Series, ‘FH294ESA1LH, TV A « & a—R& bofi CRE) @FRFH#H)

() (Froff)

(PE 2 PEHE)
O HimgRye G 1#F)
SR BT R BT — LEBER
FEAE i EP, R FER, KA LB 1
MERFE © DV F A A A = AR, TR B R
T - HEFF
5 o FElE 2018-243575
HIBRAEA B : Rk 30 4F 12 7 26 H
EWNS ORI EN
O HAFIREL (Gt o )

(ZDfh]) A—b~—T% L



