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Heart failure with preserved ejection fraction (HFpEF) is a refractory
disease with limited effective treatments. "Clonal hematopoiesis® refers to the state where
hematopoietic stem cells with somatic mutations proliferate in the bone marrow, and it has recently
been reported as an independent risk factor for arteriosclerosis and ischemic heart failure. In this

study, we created a model mouse that mimics human clonal hematopoiesis and investigated the
pathology of HFpEF. The results suggested that clonal hematopoiesis might exacerbate HFpEF pathology
through functional changes in immune cells.



B & c—19. F—19—1 (I#)

1. S FRBRRE S HI OB &

TN EOFHFHa L HEEHEMCIT, BLE IS 10FEOERDH Y, E-5FNTH D OLIMERED
T EIREIIHRICB T 2BBOBETH D L5125, DIGEEENKT L7204 (HFrEF) 14,
JRRED BN S, B LWVIREROBGIZ L PRITIRAICEEL TWD, —FF, minE L AReo
K14y 2 5 6 B DI RERE DM 7= 7= R4 (HFpEF) 13, JRREAFN TSI S LT b7,
IR E U CHNRIGEEN 2 WEEMERETH D (CCEk 1) . HFEF (2% 51332 HFpEF (2%}
L TR 22 =8, HFpEF (21X HFrEF & 13 RB R RHMOIFENEG L TWb EEZHND,
UTAE, BEIRIGCEILE 72 & O AR 23w & LT BIERIEDS DR OMRME(L 2R L, IR S
EHIEEITEVIOIMRITEENEE > TVDEN, ZOFEMIZOWTTE R WFE03MThiv T
1,\7‘@1,\0

F7o, EMEHAEIZ IS TN & LIS BAE CEISEOmW 7 o — o BNE T 584 17
2 — &M (CH: Clonal Hematopoiesis) | (%, MEAAADRK E 25 Z LIZmM BN TNV, £
DMOIFII R BEFRIIANHTH o 72, L LI DE LR BE s 6, DI ERBOMNT L 7= fERRIA
FThdEHES Ok 2) . DAROFKRMBEINCB O TEHEERBES L U TR EETRE 2
HEHZEDTWS, LoL, 7 a— M & HFpEF OB # M 2 MFE L 72 #1372 0,

PR 5 S ABREN: Y
7 v — & LS HFpEF JWHEIC 5- 2 5 28 2 B 2k, MIRRIEERD) BB 5732 L. HFpEF OJihE
AFROMEI, FEROIGRIERRICORITHZ L2 HIEET,

3HFEDFE

~ U ZZEIENIE (HFD) & NO &hkBERES (L-NAME) 2845 L, ~ U AR & mii
JEZ & BITHIESED Z LT DIMEIZIZRE L 5 23, YREE 45 & 29 HFpEF £7 /1~
U AEERT D (CCHR 3.) o BEERBMEIEICL Y 7 n— o EmE T v~ T 2 & {ERK L, HFD+L-
NAME §ii & Mz 5 Z & T, 77— P& s HFpEF IR REIC 5 2 5 8% I 5T 5, AFSER
AT L L OO 2 — A, T — T VR, WERFRORET & LT fkHE L O A i £ oD
B, M TRZMIOMNT & L COLIRIZIRET A~ 17 7 —U% FACS OFETEILL, &1
FBURNT 2T D,

4T

AL TITE LN b WHEE IR SN EIE D —>Th s DNA i A F /(LS (Ten-
Eleven Translocation-2 :TET2) ZEH L., 7 e— o MiEMET L~ 2AO/EMICIL, AR~ v 22,
Te2 BT AEREHTH~UADLER L EH % KENOEEE (5x10°, 3 AR BT 2 Tk
RV Gk 4.) , BERNICIEELSHRENESE T 2DOT0R 7 —ARXR—ANGFHETDHEED
nNTEH, LEDEE L Tet2-/- & MMM EBEN CHROEAAICHEE L, 1 » H&IZIE
R Z 10-20% AT 5 Tet2 7 o — U MEMET /L~ ZAERTE 5, Tet2 7 1 — &M E
F )L~ 7 A2 HFD+L-NAME ZLFEA 1T\, RS IMIRIC IS 1T 5 28 BANE O F G & DghRE O F I 72
FlezERE L, RMEO7a—3 A 82 N —fir&47o & ARME (Fr—hkME) X
IEFME (Lyex s NlHSRMAE) & TREFICERICEI G2 I L, & 512 HFD+L-NAME
BRIZ XD ST I (K1) . £, DEEEEL T2 &, mEECB W TlE
DOIEREIX AL Le o 7oy, JEaRAE (Blet) 2MET L., Tet2-/-BEIZISUNT Tet2+/+#f & L~ THEW
WRREEENERE SN (M 2) , BT —T HRED DT Tet2-/-BEIZ B\ TESLIERME OEAL
e ERMPBIEINTZ, ZO~ U ATIE, DAEEMBHEE (%Fibrosis) | DiififazmAE (CSA) ik



B & c—19. F—19—1 (I#)

RPHEIR L TN D Z & D3GR S iz, 28 R a3 i AT IC T 5T D2 < 2 72912,
Tet2+/+, Tet2-/-Di#E D HFpEF D LA 5 CD45+CD64+Ly6G-Ly6C-D~ 7 1 7 7 — U % Wi L T,
RNA ¥ —7 =2 A K D BIR - RBURNT 21T o 72, Te2-l-~ 7 a7 7 —IZBWT, E a1k,
IL17 $&#. Toll like Receptor £, NFkB fE78 E &G04~ ORIERHE, (L7 T~ Y — LBHy
FOFEFANEH LTS ZENRRHENE (K 3) . EXY ., @il ECHE RS2 & ORI A F K
THIET D HFpEF OIFREIZINT, 7 v — U MG 236 « RIERIGZ I LT, FRRERIER L O
TS B % 5.2 D ARt /R S U7,

[6#DEE]

ASEHER LI L 212, 7 v— &M HFpEF JRREZ AL S ¥ 5 LW ) (GG A, EEER O R
AELTWD, AAFSETIE, BRAEMAOEEL(LIZEH LTIt 21T o723, EERICIE, £5R
FE IR 23 B O U B RGAREE GRRMESEMIAE, PNERG, /& v ML) (2@ = 2 ) TRRED
HETIZHG L WA L Ebid, 4%IFZ oMM EERICER Lo 2T 5 TETH 5,

SCER

1. Borlaug BA. Evaluation and management of heart failure with preserved ejection fraction. Nat Rev
Cardiol. 2020 Sep;17(9):559-573

2. Jaiswal S, Natarajan P, Silver AJ, Gibson CJ, Bick AG, Shvartz E, McConkey M, Gupta N, Gabriel S,

Ardissino D, Baber U, Mehran R, Fuster V, Danesh J, Frossard P, Saleheen D, Melander O, Sukhova GK,
Neuberg D, Libby P, Kathiresan S, Ebert BL. Clonal Hematopoiesis and Risk of Atherosclerotic
Cardiovascular Disease.

N Engl J Med. 2017 Jul 13;377(2):111-121.

3. Schiattarella GG, Altamirano F, Tong D, French KM, Villalobos E, Kim SY, Luo X, Jiang N, May HI,
Wang ZV, Hill TM, Mammen PPA, Huang J, Lee DI, Hahn VS, Sharma K, Kass DA, Lavandero S, Gillette TG,
Hill JA. Nitrosative stress drives heart failure with preserved ejection fraction Nature. 2019 Apr;568(7752):351-
356.

4, Wang Y, Sano S, Yura Y, Ke Z, Sano M, Oshima K, Ogawa H, Horitani K, Min KD, Miura-Yura E,
Kour A, Evans MA, Zuriaga MA, Hirschi KK, Fuster JJ, Pietras EM, Walsh K. Tet2-mediated clonal
hematopoiesis in nonconditioned mice accelerates age-associated cardiac dysfunction. JCI Insight. 2020 Mar
26;5(6):¢135204.

1. R 7 e —H A R A MY —fHTIC LD, R —Ha0EE 2R, Tet2 28 BAMMIIH M
ENLICHENIE9 5, HFD+L-NAME JLHEIZ L - TEBMI OB /N LT 5,

2. HFD+L-NAME L2 X » CTYERE &5 HFpEF £7 /L~ 7 A Tk, Tet2 28 FRE TUME DO FL3REHE
BE(E/R )M L FEEIN D, OFFE OMHEL (%Fibrosis) M OVLMHMEOFE HFE (CSA) DIk
KPR T 5,

3.HFpEF &7 /L~ 7 ADLEn B EBEL7- TeR B~/ 07 7 — U T, RIEFHE T ORBIC
AL A B D,



¥ =X c—19. F—19—1

CD45 gatEd <0.0001 <0.0001 <0.0001
<0.0001 <0.0001 ,%
% k| g k| 80- 09627 0.1336 0.8025 <0.0001 05998 <0.0001 - Tet2+/+; CD
| 3 | =] Il Tet2+/+;
A H ] £ oo HFD/L-NAME
3] S 2 s 3 Tet2- CD
E = ‘;’6 404 B Tet2-/-;
1 3 5 HFD/L-NAME
T T d T " v 20
LEI> LEI> b e s
Tet2+/+4Hk2 Tet2+/+HHk2 ol
0 5 12
X 1.
¢ 00754 0.0008
(2332; or * [ 06479 | 02454 |
<0.0001 <0.0001 lomaa <0.0001
CD45.2 CD45.2 60
Tet2 +/+ Tet2 /- B Tet2+/+; CD
v Il Tet2+/+;
l?a‘i\"sepl"a‘g(r;?i‘zn Control Diet + Normal Water 404 HFD/L-NAME
Recipient €8 b ! High Fat Diet + L-NAME Water . K N B Tet2-/-;CD
fmouse -4Weeks 0 5Weeks 12Weeks 20 = :ieF%./II:’-NAM E
CD45.1 4 4
Tet2 +/+ Echocardiography, Peripheral blood analysis
0-
5 12
Treatment duration (wks)
8, o m‘""” 6007 oo nmm(w”‘
2 ‘E 400- P
._§ . . 3 - B HFD/L-NAME
w » L
® O 200
2
0 0.
x 3 “ X
<8 a3 «"" g «9 ! ’\'9
X 2.
Heart digest - R _
| FACST/UMBOV /07 7-I% 58 GRIT FRIRAET
Sorted CD45+CD64+Ly6G-Ly6C- cells ~ N 4 -
| you-Ly IL-17, TLR, NFkBEEDAIEICBID 2D FORBEHNEL
RNA sequencing Osteoclast Differentiation |
1L-17 signaling |
Leishmaniasis |
AGE-RAGE signaling in diabetic oomplicaﬂion
Fluid shear stress and atherosclerosis
Toll-like Receptor signaling |
NF-kappa B signaling |
Cytokine-Cytokine receptor interaction
o 1 2 3 4 5 6 7 8 9 1 1
Enrichment 0 1
ratio

X 3.



Cochran JD, Yura Y, Thel MC, Doviak H, Polizio AH, Arai Y, Arai Y, Horitani K, Park E, Chavkin 148

NW, Kour A, Sano S, Mahajan N, Evans M, Huba M, Naya NM, Sun H, Ban YH, Hirschi KK, Toldo S,

Abbate A, Druley TE, Ruberg FL, Maurer MS, Ezekowitz JA, Dyck JRB, Walsh K.

Clonal Hematopoiesis in Clinical and Experimental Heart Failure With Preserved Ejection 2023

Fraction

Circulation 1165 1178
DOl

10.1161/CIRCULATIONAHA.123.064170

Yura Yoshimitsu Cochran Jesse D. Walsh Kenneth 18

Therapy-Related Clonal Hematopoiesis 2022

Heart Failure Clinics 349 359

DOl
10.1016/j .hfc.2022.02.010

5 5 0

Yoshimitsu Yura

Clonal hematopoiesis: A new potential link between cancer and cardiovascular disease

87

2023

2023




64

2023

CVMW2023

2023

Yoshimitsu Yura

Clonal Hematopoiesis and Cardiovascular Diseases: Exploring the Potential for New Diagnostic and Therapeutic Approaches

88

2024

2023

BIOClinica




2024




