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The role of inflammation in heart failure with preserved ejection fraction
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Abstract: Heart failure with preserved ejection fraction (HFpEF) is a type of heart failure characterized by left ventricular diastolic
dysfunction with preserved ejection fraction. With the aging of the population and the increasing prevalence of metabolic diseases,
such as hypertension, obesity and diabetes, the prevalence of HFpEF is increasing. Compared with heart failure with reduced ejection
fraction (HFrEF), conventional anti-heart failure drugs failed to reduce the mortality in HFpEF due to the complex pathophysiological
mechanism and multiple comorbidities of HFpEF. It is known that the main changes of cardiac structure of in HFpEF are cardiac
hypertrophy, myocardial fibrosis and left ventricular hypertrophy, and HFpEF is commonly associated with obesity, diabetes, hyper-
tension, renal dysfunction and other diseases, but how these comorbidities cause structural and functional damage to the heart is not com-
pletely clear. Recent studies have shown that immune inflammatory response plays a vital role in the progression of HFpEF. This review
focuses on the latest research progress in the role of inflammation in the process of HFpEF and the potential application of anti-inflam-
matory therapy in HFpEF, hoping to provide new research ideas and theoretical basis for the clinical prevention and treatment in HFpEF.
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HAhB WAL TENR HF 730 4 B8R, Bl i 73 4
[ AR B .0 7 32 35 (heart failure with reduced ejection
fraction, HFrEF, LVEF < 40%). 5 Ifi. 7> #0%% FE %A%
40> 17324 (heart failure with mildly reduced ejection
fraction, HFmrEF, LVEF 40%-~50%)~ i} .73 %5 {5 5 7
10> }1%% %5 (heart failure with preserved ejection fraction,
HFpEF, LVEF > 50%) A1 i 1 43 £ o 38 700 /) 32 8
(heart failure with improved ejection fraction, HFim-
pEF, BEfE LVEF < 40%, Bfij#ilA] LVEF JI& 4% >
40%). b, HFpEF 215514 HF ) 50% ', HFpEF
e MR KZHEEMIRKLEEAE, LA HF {5
AEFIREDR « JHuRy B0 o T 22 AR R R L o A
HFpEF O ERMEFEAOERE. LOEFKD)
RERENS (left ventricular diastolic dysfunction, LVDD).
O LR B AE R AN 44k . S P B D e B b A ¢
RESE B, i HFTEF &3 %I O IF 48 el & T
W, LW B URESE, DRSS . 55 HFrEF
FHEG, HFpEF [ 885 28 AR 26 5B AR 1 5 11
AU AT R RN A OR SR E LI HF 5. B H AT
HFpEF [1i6Y7 Wk Z A2 FBL ™, ik 3-#% HFpEF
(R 97 2 N 4 i HE BF 58 40380 ) #4 55 . HFpEF
B EE RO, AR, s BRI
18 P BE ZE Pk i . 18 M B I O 45 Pl 2013 4F
Paulus %5 N\ 1 VOB X 265 HE (comorbidity) 5 &
)4 B P42 2R A B %€ 9 HEpEF 0 JJE 45 1) A1 T g
P MR IA 1, R A 7T B 2 B KE/E HFpEF
(953 e R ¥R A . A SOk HFpEF [5
H A FE A HLE] . AR 7E HFpEF A 4 F i i 7% i3t Jé
LA TN RITIEATE7R

FRAELESS M1 53 H R B

1 HFpEFRYSRERE B HLHI

HFpEF 82 (AR MEAMERIR AR E 5 5781
MR AN 1A 5%, T HARA R PR 2 o I 465 K A L)
B 5% Pl H AT A &y LVDD J& HFpEF )7
AT IR ", AL, HFpEF i85 A HoAd 0l
M. SRR, AR OEWIE RS, £
OS5 DIREAN G5 E. Jfish ik e 04 0 2 D e b
T I AR A AN N R D RE B A B UL AN I g
W,
1.1 LVDD

HFpEF & % 51 ML 30 /1 2 e D &= 78
% JE (left ventricular filling pressure, LVFP) J}-& 1%,
XFEE L H LVDD 52/, LVDD ] §HUA 0 =
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o0 o AU B A0 A R 0 3G 0, AT AR 32 il 7 ifi.
IR R, P 32 R I 5 o e S U i e
B M L, HFpEF i3 /o 0 = (3l 5 3 i Y,
X 50 JULAH B AN 4 B A0 R 5T 20 5 R A &7k R 3
SR R T 5 S g sh (A A ok U
1.2 L EWAETHRERETS

HFpEF &2 (1) 75 0 S WOAR D) Re AR H IR i
w ), HFpEF R 3 S04 A 3 28 B VR PR AR 2 52
FIREF IR Ay, ARAE A O 5 e s, (R
O R, M BRIRE s & U A0 IR 4E g
RS F) £ 2 ) R I sE T KU 1
1.3 ZLEIER LB

KA 20 2 D) REFRAG 2 Tk 20 s 3 5k AT
Refmfg, 7o.0 b5 DhaelEnG nf L3 8 HFpEF iz
SNAE TR BRABET RGN ™o 2200 5 ik 4% 1 I
BV PR S B B 3G 0, X 54O D R REAG |
IBENBE )T FFRIBET - R I < 1Y
1.4 FEilkSEME O INEERER

HFpEF & 5 G hsh ke e, FEERZK
B s R R, WA R AR A, U
BEL 88 in U i Bl sh ok v A 284 S 804 O B IhRE
WRRS, B AT N, HFpEF 4505 5 B
TR TH T, AT IR A O 5 (A th 3 o
1.5 MEETESANEINEERES

i L& AE HFpEF 83 v ik £7 76, 38 LI
NENBKERER N, XK S EUEEhEE TR P LE
Ay Jhi A=A ) 38 e 2k 1 A8 e 1 AN R E A
AR IT BB A PR . BR T 3h ik 45 A 008 A,
HFpEF & 3 10 R It A B A 1 1l 8 47 7k 2
B P X5 EIEREENE S IEMSE, RiES|
A2 1O UL A B 3T 30— S AL &L (nitric oxide, NO)
A B2 ARG, a8 % ML A 400 3 o L6 45 ) A
Ihig .
1.6 B SERALRRE

HFpEF i % H 58 W %< 2] 8% WL 2 hE 4 ) g
WL BAIMEF R, XFEFHITRISNE O,
B oA IR S B i i 4 SR O R AR
HFpEF "t k8 /E R . I HFpEF & L &1
JIE W7 2H 23 6 51 kD 4> B 1 (1) 2 E AT NO 5 5 & 332
B B BB LR AR I 9 nid S 802 3R 32 (exercise
intolerance)™”

g5 b, HFpEF [ B A= B 22 HL o LT 7K Th e
TG, W AGODAE. A, SME SR TRER)
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Jt% . HFpEF & —Ma S sm, 1) 2 maif
SE A 2% )8 AR B AE AR AR, i = B AR )
YA, B B K 2 537 HFpEF [ — M4 I
FEBLZ P& HERERIEE & Y i, EBNIKAE A (transverse
aortic constriction, TAC) #BY£E FLHA AT 75 5 A 0 F ]
OMEREE. 7ok ThRefEss H LVEF /8, {HEE%E
I ) 7 4 % AT LA FE D9 HFREF B i 53k 3% 1
(angiotensin II, Ang IT) % V3 #5 B 4 Jy i i & 5 &
HFpEF [ F LAY, RN 70 87 Tk K Ik (left
ventricular end-diastolic pressure, LVEDP) fll J£ 77 %%
R bF, OB AL L. AEE, T LVEF £R8, O
JIPRFIE Y HFpEF S fEMRRRRE EARILY, {5 Ang 1T
A FH T 57 HEEF BEAY,  [RI Ang 112 BiE H T
HFpEF 15 8 [f1 84 2 1 F5 if— D4R s ZSF1 (Zucker
fatty and spontaneous hypertension) fIF ik il A 744 45
FOUBE JR 995 A1 iy 0L 5 % HFpEF, LA 8L 78 (1) .00 (i
FAVHIE B LD e kRS P s Dahl #h8US K R4
T R e PR DA B A AT b o A 7 O A
HFpEF, 7054 K AN K-t & . LVEDP F &
i AR, A2 H ETH A I HFpEF K RBEAL 2 —;
IR B AN N- T 5 -L- ¥ %R R (L-NAME) 3 [H]
% 511 HFpEF /)N RABLAL B BAT 5 1 A AR PR 2,
HHBLOUUAEEMA el EaRKEEE M. 2
BN 71~ FE 45 HFpEF &8, #4517 A\ 3% HFpEF
IR 24 B ALC B RFAE 5 TR FRL B U0 o3 0 Rt (] )
FERLLS S ME. i AEshae /i, EH
TS B T B AN 44 5 HFpEF ¥, RS ik A
HEELFE T N2 HFpEF 5 JLFIRRAE, (H & H
— AN GE S 58 4 AL HFpEF [ 95 B AR FE 22K 1E .
75 1 — 2\ HFpEF BLAL (1) 37 45 b5 T PR 2%
55dE A TR HFpEF 2 2 i sh Wi Ay

2 HFpEF £ SR TE

HFpEF & A FEMME. B Sk, 18
PERH ZEVE I BR S5, IR L5 FE I 2 35 R 1iE 2 2 R
BREGVERAE. PR, HFpEF &35 40 & I 28
SiE AR EW a0 C e N 2 A (C reactive protein, CRP).,
iR PR FEIR ¥ o (tumor necrosis factor-a, TNF-a). [
4% -1 (interleukin-1, IL-1). (A4} -6 (interleukin-6,
IL-6)°", AIIE IR A4 T PTX3 (pentraxin 3). 4K
AL IRF 15 (growth differentiation factor 15, GDF15)
KT B RAE HFEF 53 (0 200 bk B /K7
W, (HRAEIR R KSF TNF-o, IL-6 b5 &4
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By PR 2 RERAS AT LATIO A& A& HEpEF, T ASBE TN A
A HFTEF ™, SEE2, REREVK TP RS
A HFpEF XU (A 25 & ik =3 1O ToRE IR &7 5K 2h
RERemg ARG ", 5 2, 5 HFEF M b, #
AEFE HFpEF [ i i A 4% 38 IR

WEFE I Y, A B MR8 M JORE BB S 0L
TRAEIA N B2 1) 9 FE WG « E- 8 2K (E-selectin). 4|
i lR)Z5 Bt 43T -1 (intercellular cell adhesion molecule-1,
ICAM-1). L&A PZEHT 73+ (vascular cell adhesion
molecule, VCAM) 7t HFpEF &3 1 ZSF1-HFpEF K
BRI N R ik B, 5 2O0E 4 IO I 1R 1 2
WEZZHZ . T OIE WO, A R 48 iR e ) 08 Pt
JIRE NS 2 H R WEIR /NADPH 1L B 2 (NOX2) L
W, 175 S 4 (reactive oxygen species, ROS) 4= i
FERGE /BB, WEM AR &G
(endothelial nitric oxide synthase, eNOS) M 7= 4 NO
FRY 5 A A A K ™ AR R T T AR A
HFpEF .3 1 ZSF1-HFpEF X i ' eNOS 4k 1) 3%
AR A KB 1 S . HO, S & 7 1E8
ANV EAEE T R AR T K, HFpEF B Ol
H,O, IREW BT &, @Al &E = Em. —
R Ak eNOS MR 1L T 5 NO = Ayl b B,

NO A=W F) I B AIC R 8 20 85 R & 1 (cyclic
guanosine monophosphate, cGMP) Fl1£& [/ G (protein
kinase G, PKG) 15 518 %, A\ 1 755 Co JULAH A 1 AL
C R [ (Titin) fE 2, 5 2 5 800 WU A FE 38 0
Titin & —M Kot e, 7204 32D
PR B SRR - BB AR Y N2B AR IS ) N2BA
A9 B Titin (¥ {8 A 245 1 B cGMP Fil PKG {5 538
BT AN P, PKG 1% P B A% 48 Titin 17 A
N2B [F] 375! N2BA 4k, TG hnoc &7 5k 4 zh
5K /7 (cardiomyocyte resting tension, F,,.)» FECLL
BRI . HAKRSMG T PKG 5O EHIEHT Fve
TR, RO UGN PKG 35 M PR & Titin 2748 f&
HFpEF .0 JIL&T ik Th B i b5 00 8 22 8 & P 42 1,
RIEE NO-cGMP-PKG 15 Tl R Z HiA 5%, (KL
I 2 KE J 1% 8% AT BEAE 9 HFpEF HI6R Y7 #E .

3 HFpEFPHI%RER R

B — 0k T HF 8825 4oy 4111 53 fr 2 91 ©7,
5 HFrEF A b, HFpEF 83 (1) 4 B G 2 5K 1,
J A i & HFpEF %2 (1 BOR ML DR bk B ok
£ 05 R ISTE HEpEF ) LA RO UL
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3.1 HFpEFhEBRE

7 HFpEF wh R $ A FH (1 [ A5 5 5 40 i 32 22
R A E R A . P R B R —P
RS R QIR IE B N K, ZSF1-HFpEF K ER )
DAL CD68 FlEE L E ALY (myeloperoxidase, MPO)
kA TR R, RO RAZ M/ B VR4 5
SRR 4 S AL B
3.1.1 HiERi4mpE

H Vb 200 A e TR A e e R R .
FLFH], v VR i #E 95 1Y) HFpEF /) B3 32 I N
PO EAER, O ILRAERS 8 b, 0L
21 Ly6C™ MRz 40 i 1 CD11b Ly6C' " F4/80" ELIE
i o N A O e~ P e o G i

R A0 A A1 B B (neutrophil extracellular traps,
NETSs) J& — Mg rh R4 i ig B e i AL, 8 T
Je R M —FE . BRI, NETs 72
5 HFpEF 4 5¢, i NETs A LA (3% HFpEF /)»
B IRTCo AT 5K D g PP, NETs J2& it b 2 B 30
BB — Fh UL DNA FZH & 9 E 48, B R kg
M58 1B . MPO. 4 28R A4 2H Rl 1) R &5
H . NETs J& R 9 AL ) 5 22 2 75 I 20 0 o i
NADPH %40 B g Ak, 5 350 kL 4 i i RO I B
AR 21 4k A 2 (B AT ROS ™Y, 75 WEAE T 40 fo i
HREJNETs P2, AR, FET A Aok 4 e i e
¥ IL-6 2RO P R 40 B T 55 8 30 2 L 4 5
Gl RIE ML, AL HE Ly6C"CCR2™ A% 41 o A it
i . NETs ] DL ik AN [H] f AL 1) 5 S50 440 45
HEHE ST [N o

=L R 8 H B1 (high mobility group box 1,
HMGBI) 7Ey—MdiifsifH 57> 1713\ (damage-asso-
ciated molecular patterns, DAMPs) 1 DL i K 48 iF [
I, HMGBI1 K5 T HA% / 5 48 A Btk 4
() 33l 73 A B A LA 1 R AN BE T I B SR
W 5E R W, HMGBI £ 515 1) B A1 [ AR 4 v 5
HFpEF /)~ b, g ik v 14 66 41 i 552 46 A1 NETs JE Ji,
BLAI AT BEV S 5 W SR A 24 7= W) 52 4% (receptor for
advanced glycation end products, RAGE) F1 Toll #%
& (Toll-like receptor, TLR) 45 &2 5 9% #E SN,
117 #8 7) HMGB1 A] DL /b o 5 0 40 i 3% i AT NETs
R, R HFpEF [ A ™, Ktk HMGBI
AMINETs W] fig /& HFpEF 82 (RIS 7RI I7 SHIE .

S100A8 1 SI00A9 & S100 £ [ Jifi 5 I [ 19 A Bk
9, BN 5 R AR E S SI00A8/A9 i H

JEREAE S 1073 B0 O B R0 70 3 3 P O A FIRIT T e
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TEJE F A RAEVER . 78 Ang 15 S 10w i
JE#H 5% HFpEF /IR, /O IEIRIE R CD11b'Grl" He
PERLZH L Kk S100A8/A9, & & AEH T/ G LA
JiE AR50 B % 2T 4 48 fifd. (cardiac fibroblasts, CFs) | )
RAGE fll TLR4 324K, @i #iE#Z KT «B (nuclear
factor kappa B, NF-«B) {5 51l % 175 T B 1L R 5 A2 %
K7 R4, SR RRE .. LA FH BT ST00A8/A9
AT Ang 1175 5 10 1 I A 60 45 . PRk,
S100A8/A9 1E = Ifil J& 5 5 ) HFpEF 1) 5. 1A %8 4
Mo T EEAERH . SR, AR S100A8/A9
AT R A ) T A S Tl TR I P SRR AR AL T 4 AR
¥ Al F (nuclear factor of activated T cells, NFAT) &
HAZ g r, BT 2 B _E R (norepinephrine,
NE) % S F QNI AE R, B ST00A8/A9 K EEHAL
KAEH . B4k, S100AS/A9 AT LAFH I NE H) 3 K
B, CFs Rl i S5 T A0 1T A 7, 4iEB S100A8/A9
IR RV A B A S S R b a2 OB S v 1]
S100A8/A9 7£ HFpEF )1 F Al RE & £ H .

3.1.2 EfEZHRE

5 I 200 P 7 4 5 O R AR SRR B TR 2L 34504 i 1
BRI R E B Y, RN RO
(1) 15 ik 4 e i AR R HL 3R T 0K ()b R 52 A -2
(CC-chemokine receptor-2, CCR2) il 3= B ZH 2 AH 25 14
244K 11 (major histocompatibility complex-II, MHC-II)
Sy N =AW . CCR2 MHCIT™, CCR2 MHCIT®Y,
CCR2'MHCII"™", .Uy [ 5 G W5 40 i 2% 1) AR 3R ik
CCR2, [HthF %2 CCR2 EWE4AAL.

AN TR EFF 1 B R s E AL ThREAN IR
CCR2 EWg4H ks T U0 s 3 AAG LI IE, FE5E
FLAEIEH )OI ZY, AT 4ErrH 2084, (ki
AR OIEEAE. RIS U, Ak, in
SRR TR AL T D5 & 45 1 CCR2 B 4t A g il
It % RIEHE SR 1 43 (connexin 43, Cx43) 5.0 U140
BB, S5O EEs) Y, CCR2™ BEWg4 ik
BT ERE R, 3BT ROR BOAT 4R 40 X 3,
Refg e it JE . A4tk A= E¥, O CCR2
Gk 24 i i ol R S G AR R, LR RS
WK E RS 0859, CCR2™ EWE 4NN i # k%
AN IR AN A b 7E T,

S DR B0 R i ML A PR R A v A = A ) R 4T
1L EE H 1 (monocyte chemoattractant protein-1, MCP-1)
AT LK B BE AN i 2 ML R AZ A SR AR O L, R
HAHAL Sy CCR2T BRI M. WUE I CCR2" E g 41
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g 3t — 2D M Ak e 28 8 ML AR I 40 i A s
M2 B SR . M1 AY S G2 A 50 WA 28 4 B PR 1
TNF-a. IL-1B Al CCL2, {233k 48 4 S i FCo L5453 o
M2 B G A0 B P A AR A e A B R, B SR
£ KA F B (transforming growth factor-B, TGF-B) Fl
IL-10, Ef1Z5%HALMEE . E HFpEF ¥
LA T R TGE-B ik L1 ),
TGF-B AJ R P30 £ AE A0 M o) UL RS 2T 44 i 7 4k, IF
FEAERIREE, O AR ET 7k D) R B AT 1 ik
Je R AR . IbAh, B 48 & E B -1 (matrix
metalloproteinase 1, MMP-1) #& A Ca I ) = e S il
AR T B f##,  T TGE-B 7] LA MMP-1 2
DRI IA,  [R] Ay 14 8 o < Je8 2 1 B4 77 -1 (tissue
inhibitor of metalloproteinase 1, TIMP-1) [j%%1A . HFpEF
B LWL TIMP-1 K-+ i MMP-1 /K7 R 7,
X /& HFpEF S O E 12 A 40 55— Ll

MHCI"™" [ kg 40 g 7] L@ R IL-10 [ 43 WAE
et B gl (R 2P A R UL, KB 2 H
HE [ (osteopontin)™®e B I £ [ /& — R i i3 4T 4
M 7 AT B P4 MR B, IR I AT PATI
I HFpEF 1fij JF HFrEF [ 4> K 58 T # 8 HF AH ¢
AR R U7, IX 2 e 3 HFpEF 3% O LA 4E 4k
) —AHERE.

AR A 3 e 73 Wil 2 FLBE AR 2R -3 (Galectin-3,
Gal-3), 53 AT 4 20 o 38 Bl AR SR = A, RIS
I 5 VG 4 0 4 WG 3 e R ORI B TGF-B i = A 7,
Gal-3 Z 5177 o P VNLEIEE (o smooth muscle
actin, a-SMA) F1 T BY i Ji 5 1 5 41 4 5 0T i 9 R 3R
ik, JIfHi#EiE MMP #1 TIMPs 25 40 i 4h 35 57 4 #
M 5 £F At F2 B b4k, #E HFpEF /i
Gal-3 b 18 %8 i 44 M K] - TL-6 F1 % B 73 1 ICAM-1
KT, BEARIRATTE T 400 (regulatory T cell, Treg) [ FY
IyEe, MTHRBECHTRIE . 4L fishferansg . wf
FUIEF M Gal-3 %} HFpEF ({2 W R A Grit 2 ™

UL, EWRANRIL IS 5 Ang I 0[5 R (4 AH
HAE AR O NEAF A . SZ 4O NLAH L 2 W Ang
I, 1717 5 R 240 I 70 1) AL A 55 7 3R e A T (angiotensin
converting enzyme, ACE) 5 Ang I )4 A1 5% 53
WIS R AT 4 . A RSN FE R B, Ang I
51 i 4 % 5K K 224K (angiotensin 1T type 1 receptor,
ATIR) AHELAE I RERS H I CFs BTH AL RS, L
T, HFEER (integrin) R, (et VLT 4E
ek, JFEEIG AN AN B A . O
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Ve & 1 W0 p38 22 228 R % Ak 2 1 5§ (mitogen-
activated protein kinase, MAPK). £& 1%/ C (protein
kinase C, PKC) MIZHHI4/ME 5 153l (extracellular
signal-regulated kinase, ERK) 2% ¢ 5 N KA S 1 BV
3.2 HFpEF ISR 14 5 7
3.2.1 TiKkEZARE

T 40 B A2 4% T 48 B Pt JiE 52 44 (T cell receptor,
TCR) [IANE] 73y op T 0 A yST 40, BT & 5 JERIE |
WRELLEFIEIA T 40K 95% LA Fo MR¥E R 1 /2 75
ik CD4 5 CD8, T 4iiffis)Jy CD4" T ZHifiidfl CD8' T
YHRE. MRAEDIREMANTE, T 4iMn] Loy AfEhvE T
ZH A (helper T cell, Th). 4UAE#EE4 T 40M0 (cytotoxic
T lymphocyte, CTL). Treg % FH 48554514 T 4fiff2 (natural
killer T cells, NKT) ®*. Th 52/ [&] f) 40 g B8 7~ 31 5%
AN RS & 504k, f04E Thl, Th2, Th17 %.

EMEAA . MR . B Ui PR i 245
T PRSI, 5 Bh0d N e e N2 N2 5 G e il =i
T 20 o VA 1) 57 6 U 15 7] REAE HFpEF A4 HI .
4 T 40 52 # TCR 5 53 11 1R 140 R 42 52 40 i 3% 1
(¥ MHC-IT 2873 71, R4 HE CD4™ T 40 g i) 52
e A . S 41T K B BT, HFpEF &%
[t CD4" T g /K-VF s, WRFCRm ™, s
i 7N B0 JIE ' B 4 PR T4 I R -, AL TL-1B AN
IL-6, M SN K ICAM-1 £ik, SEME % AL
N ELFE AL AN AN T A0 e 2o 0 S 554 . (2 R 41
IR 2 — A (R R 2 P R - RO R I, R oo JUE R E
LF YA RN D RE A o

4 R 7 %2 fk CXCR3 & % i1 Thl 40 i &R 1%,
H.3Z Thl FrEMEE R T-bet 7. 7E TAC /M,
1, CXCR3" Thl 20 o 750 IE 51 U U bk T 45 Hh ks
SR SIS EONE, J#id CXCR3/CXCLY/CXCLIO
55 15 ICAM-UULFA-1 / § 9 EL 40 B B I 50,
0 % Th 40 b 36 4 e 3 X7 T-bet A4 I A
F IFN=y FHi&. b4k, Thi @it %5 %) CFs S84 CFs
TN ET YA g LA B LT 44k, XA 5 PR
A a4 BE RN T,

54k HF & # #H tb, HFpEF & 2 ) Th17 41 i
R, Treg 2R 3 /b, E3 Thl7/Treg -
sz . wiE B LEE (lysyl oxidase, LOX) i
iE WA B 5 5 800 WLEF 4 4k B Th17 @3 B0 IL-
17/ERK 1/2-AP-1 ji ¥ {2 #f LOX £ ik, Treg ifiid i
I IL-10/JAK1-STAT3 3@ %401 LOX ik ™, i
INE WA YA HE R R . 5341, Thi7 4Hfai 73
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5 v I s A 2 A A S 4 B R (1) 7K ST 25 D) A
o, FH Th17 W] ELEAR MO LEF S 4k F0 /e o0 &
M R AR, & T3 UL LVDD JyE ZERILT)
HFpEF”,

Treg 7 HFpEF & J& 1 = Z R Ry EH, i
Treg AJ LA g 38 .0 JIE Th fE F 85 &7, Treg ) NOX2
£ Ang 11 5 5 (1) & IfiL & 1 HFpEF o it 8 ZEAE A .
Treg H ) NOX2 BRI 7 EATMHHIGEE, SR
T 40 ffl 4% Th17 WIRIE G 5E, X237 Ang 1T
FHFREIMILE . OAFAF 4L FIAE K . NOX2 BB
Treg il id 1 55 FoxP3 Al NF-xB f£) p65 . 3 () 1% /K
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Fig. 1. The role of immune inflammation in the pathogenesis of HFpEF. Multiple comorbidities induce systemic inflammation, resulting
in increased circulating levels of inflammatory factors, and upregulation of VCAM, ICAM, and E-selectin expression in vascular
endothelium, which amplifies the inflammatory response. The innate immune cells that play a role in the pathogenesis of HFpEF
include neutrophils, monocytes and macrophages. After interacting with dendritic cells, naive T cells differentiate into Th1, Th17 and
Treg, which secrete inflammatory factors that may promote or inhibit the progression of HFpEF. These immune-inflammatory events
promote endothelial dysfunction, leading to increased ROS production and reduced NO bioavailability, further aggravating cardiac
inflammation and fibrosis, which eventually progresses to HFpEF. IL-1, interleukin-1; TNF-a, tumor necrosis factor-a; PTX3, pen-
traxin 3; GDF15, growth differentiation factor 15; ROS, reactive oxygen species; NO, nitric oxide; MCP-1, monocyte chemoattractant
protein-1; IFN-y, interferon-y; ACE, angiotensin converting enzyme; Gal-3, Galectin-3; HMGB1, high mobility group box 1; RAGE,
receptor for advanced glycation end products; TLR-4, Toll-like receptor-4; Ang II, angiotensin II; AT1R, angiotensin II type 1 receptor;
TGF-B, transforming growth factor-f; NETs, neutrophil extracellular traps; LOX, lysyl oxidase; ECM, extracellular matrix; Th, helper
T cells; Treg, regulatory T cells; ICAM, intercellular cell adhesion molecule; VCAM, vascular cell adhesion molecule; HFpEF, heart

failure with preserved ejection fraction. Figure includes templates of cell shapes from Servier Medical Art.
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