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Summary Neprilysin inhibition (NEPi), also known as neutral endopeptidase inhibition. is a new therapeutic
strategy with potential to improve outcomes for patients with cardiovascular disease. NEPi enhances the activity of
natriuretic peptide systems leading to natriuresis, diuresis and inhibition of the renin-angiotensin system (RAS),
which could act as a potentially beneficial counter- regulatory system in states of RAS activation such as chronic
heart failure (HF), hyper- tension and chronic kidney disease. Early NEPi drugs combined with angiotensin con-
verting enzyme inhibitors were associated with unacceptable rates of angioedema and, therefore, withdrawn.

However., a new class of drug called angiotensin receptor neprilysin inhibitor (ARNi) has been developed. One
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such drug, 1.LCZ696, has shown substantial benefits in trials in cardiovascular disease.

Key words neprilysin inhibition;natriuretic peptide system;1.CZ696

i P JEK Bt ( Neprilysin) & 84 BR JIK B i (4 56
ity o )3z 44T T LIS PSR AR L ST LA L o
JUL 4 M DA B e e 20 B, G G2 B /N A O B IR
S . A0 G M A AR T T A 8 B K R i a0 R
J K - T v o 38 F A B 5K R AR B HE VR T . AR S
185 Xt i e JERC T ) 590 %) AH DG BIE 5 EA T 253
1 $WFR BK 2 % #n g ME Ak B 30 5 5

BN IR K R 4 (natriuretic peptide system, NPs)
AL FE 0 By B R K CANP) (i 84 K (BNP) LA K C T4
PRIKCCNP) . kTt = ] 5|0 b P, S 8500
JULZH B 1 R i ANP BNP 34 i, 9 H 76 B i %
IR ANP B AT L= Az — ROk U /NS 40 i oz Bt
B FR &7 5K Bk (URO) . CNP 3% 2 7E N A2 40 i Fn i
INBR R A RE . 3 MENIR IKER & i 228 i 3
SR A REIE IR MK, NPs @i 5 NP Z{k
(NPRs) 256 KA/, ANP.BNP 5 NPR-
B HRIALEE A,CNP 5 NPR-ZH iR 31 L il B 45
Aol R ST (cCMP) 5 55 S, 3006 & A i
it} G, M 2 #4876 B2 g

o W K Tl 2 NP [ fiff (1) G 5 il . H: % fi NPs
B 3 B K YK S CNP > ANP>>BNP, #X i . figi M ik
it AT LA B i NPs, i 7] B i 5 NPs /E FHAH

R A % [ A (R ,300192)
R 7 i e & KA
BAEEH . E F B E-mail: wyowys@126. com

[ 40 J5 B8 G B2 ZE-1 L BORK L BT R KL P L 2 TR
TEMREE L L E W R A ik kK A T
¥ Ang | /Kf#H Angl-7,1 Angl-7 A LI45 4T Ang
11 D3 AS 5 18 A M it L A0 o 45 08 3 4 .
Ty SR fik I A1 ) 70 4 1) VR T NPs, BT R i
Pk AR AN HE VR R . SR, Z5 2 1 i ME K A
Ao A 22 Pl b 5, 3 st 2 ok 5 M I O g A ) 7
SR UM 22 VR . BRI, SR T A e A R B
il 390 B AT AR R T VR L T A A A o
T M A i 7
2 FuMERKEEIN G FIM R B T2

WU UREE 1 AN SR AR AR AN HE B A
T 791 2 S 3 o S e ANP 386 i BR B HE ik
VL) cGMP, [F Bt 38 m 79§ S v Ang I e B, A
W O vl TR R 1 R AR B T S Y Ang T AT
HEIH o AE— T O S g GO ) REERIT, 12 ]
b 5 R AR HEE B Y R AT s, kv
AT ANP BNP 7K F {2 3F JR A0 HE M, (H 2, 4 &
A R i 45 BH 7 JE AR Ak . i U Bl B A R R 3k #)
TR YT ROR 7T e 5 Lk 3K Ang 11 F% /%, RAS FI
MG RGTEE LA C. AT SR A AN F
K2R B 5 A1 3K P i M K A 00 4 350 5 RAS 0
il 70 A LAS 20 S R ER .
2.0 M O R /i A R Tk 2R e 40 il 4 ] 5
(NEPi/ACED

NEPi/ACET X % iy I & Bk g 0 ) 7] (va-



W, 25 T P A 0 7R < o IV T B A B L

ZHANG Feng, et al. Neprilysin inhibition-the new cardiovascular therapeutic weapon e 415 -

sopeptidase inhitors, VPIs), L3k AfMIF & T &
ZIWWHIR A I ZiE HFIRIRGE D, Hrp R
HENR X AR IR N OR Sl K= N il KBl

B REX ACE & NP 306038 B A 24, Il R
T U AIF 9 40k /s B o bl 7 T DAk 3 0 T RE R 4 L HiE 2%
IR 10 0 Al =0 N ol = N IR RS =
AR L, felt BE A2 R R I il LA R
BT 52 M IR FH S ANP A cGMP 38 i, bR HEE & 2%
Bt BT i A AT DL S s ARG I A B ek R
S A0 AR R BEAR Ang 1, BEAR M R, OC-
TAVE B35t 7 B 2 fly $37 20 7T 4 3 4 ARG A0 4 1
I L i 4 4 38 A R B AR AR AL i TM-
PRESS #ff 72" i, W 5 flly 1 odi /> TAET- 8 A &
SAMERE R R E TAA LIRS N-NV REH
(0 g, OVERTURE #F 285 e & T 4k 36 3%
(10 mg, 1 KPP MB E I H7(40 mg,1 K 1K)k
A AT GET H O E AR 2R B
RIWLH Z 0] F LA S FH R RS T2E 2% 7,
[ E A W N R o o T N e 2 e 8
VG Ra etz L I TR W | U N R E A O = 1 G VA )
$55 Sk 3 000 B O L R v A A L R e, B A
AR DL R ik S 5 e o TR A VR .

JRUE B I il B A O B LA AR A R R R
H AR FEWFIE SRR L, W 5T AT R B D A 7 3k
X G M 1 B8 il 7 A Az i A8 U v K B, L AL R AT RE
5 i i O O 4 790 Dk 20> 8 T A A O

1 VPIEXIEEAR

Table 1 VPI related clinical research

VPI 5T 5T 4 W ST AE A
MDL-100240 fe R A 2000
1Ly il 7 e I AR 1998~1999
U] e I R 2000
WO b ( BMS- i E, O A

1999~2004
186716) NN RS

2.2 ACE.NEP FIP B 2 % 1k fiff = 1 i 751

PR (ET)-1 & —Fh 2 8058 19 1 8 Y 46 571 . g
B O 3 R H At i A R PR . 3K ET-1
K- BE SR N T 7 o0 I 6 I AE T L I HLO 5 R
HET-1 /= R . W R AEE (ECE) 31
FIBE % B fIK ET-1 /K °F, 0 % BF 58 o ECE #1151
(ECED A AT DLk 0 B T fig , i AT fiff L b 5 22 4
ZoN 4 IR (I Angll. B 2 L B ERD B DL
Az B2 G A Ok L ECE 1T DL 4% NPs, ECEi 1]
R Z 38 fin NPs A4 il Py fz 2K,

WE A F 9 8% ECEi % 20 28 55 A5 4 F 1)
I 20 2 s AR TE K W B dls R, WE ECE/
NEP # #il 351 7] DA 235 00 A5 5 o0 5 B A0 0 25 8 4 LA

K RE A4, SLV-306"" (ECE/NEP # 1 5, X
FRIEMEEHO BB O ERELERMIE A
it 5 1) E) 4 A% BE A% 0/ i 3% ET-1 /K-, LA Kbt %
o B PO U M, I R A F 5 R SLV-3381°
(ECE/NEP #l il 7)) 68 4% 1 By =5 ifn Fe P 0 JL£F 4
tb. WE ., =BHY ACE/ECE/NEP #1I #1 7] 1 % #F
KA THH Ang-T11, ET-1 & B LA K 3 fm ifi 4 & 5K
K (NPs, B #BK . B IR BER £, 75— .0 45
Je U B K BB B v & BE, = BE ACE/ECE/
NEP 41 %) 5 s iy ACEI 8{ ECE/NEP 1)1 i 71
AH L AT B I ok A A A AT RE .

R4 =1t ACE/ECE/NEP 4l #1 # 6 % & 3] %%
AR R AR e = BE ML R A 5% 52 4% . v RE /&
TR 5 AT o A A A o R 2 Ak 0 B il AR
S R s NG 1~ Sl 07 D0 (1 = 7 I i
A VR FRAE L BF 583 76 25 B A 0k Y [R) B Sife Just v
K NEPi 5 148 %ok R 2 R P07 (ARB) Bt
FCARND , it A "/l BF & B9 56 1 4 NEPi/ARB-
LCZ696 HUAT T 0] 5 (1) 1Ifi PR AR .

3 LCZ696 MIER# R

ARB B T XF % 308K 9 52 BN L DR ke A
PR AK I A A R B B KT ACEL, 2T X 4 i
PR U I 4 55 7K 3R A2 A Hii M B 41 ] 7R CARND
BT A, LCZ696 245 1 AN XUHE 1M & % ik R Z ik
oG Mk i 40 20 500, B R ARB 4N (470 3H) 5 NEP
MR ZG (AHUSTD1 = 1 85BN E S,
F R LCZ696 Ji n] 43 B¥ P Fb 2 i 5% 43 AHU377
Mok o R E, & RS 8 s M NEP-
LBQ657M ) 7R fd i &2 ik & B9 W 58 . AH U377
0.5~ 1.1 h ik 2 i %% 0 vk B2, i 5% M= )
LBQ657 7% 1. 8~3.5 h 5 H| 1§k J& .

3.1 Ry A A

2010 4F Mt g7 & BV kR T — WK T
LCZ696 1R JT i il & (B 5T iz WF 58 H A 1 328 ]
e IR AR A B OR [A] 5R) R LCZ696 (100,200, 400
mg) A4 (80,160,320 mg) . AHU377(200 mg)
DL KCE R 22 ) Y B TR AR, AT FH A
R 8 G S ¥ Ak 7 E7 5k R S i R i A Ak, B
Ui 8 JilJa LCZ696 — F A [R] ¥ & 41 19 &F 5k J& ek 1%
WE 5 B LT 3 AhAS [R) 500 o 04 6 VD 3 4 CF- 24 %
fi 2.17 mmHg, 95% CI 1.06 ~ 3.28, P <
0.000 1), HLF 5N o8 45 R 8RB =
LCZ696 4 bb xRz 751 2t 119 261 70 45 1) i 4 e AT 5k R
FEAR A L Bl 5 1.CZ696 7 B 59 A, Wi 45 J& A&7 3k
JE R G /Y I 5 14 hn, LCZ696 #H il 3¢ o ANP,
cGMP /K- & 2 7+ 5. BLAh. LCZ696 418 H IR L
Er s s TR I (ERE D Gl | B s RS S N 2
B 2% R, iR E X LCZ696 1T 32 M4 4, T I
VK R A



W, 25 T P A 0 7R < o IV T B A B L

e 416 - ZHANG Feng, et al. Neprilysin inhibition-the new cardiovascular therapeutic weapon

IOk E AE AT — T 56 F LCZ696 X P & i
FENBECTHE B A 85 E L 28 ED 2w p b5, i 5%
Xif G kB RAS 0] 550 A e g A HED L %
55 (PARAMETER) 2 £ s | 55 I M 0F 5% . 3031 4%
FRTF 2015 FAMY L, HHMWTEF L LCZ696
55 08 52 vb O S A N e 3h ki i sh 7 2% B sl ik
ELRE (2 MR L IR AT 432 4RI =60 % Y46 K
=150 H <<180 mmHg WY Il Fe 58 % . te4h . x4
ISR — 0 H AW 5T AR R LCZ696 X i R A
FE2 PR B R R R R B R RER L IE AR
PE e,

3.2 LEJ BT

PARAMOUNT & if >k 22 A 19 b 8 LCZ696
5585000 I 5 1l 43 PR BE P 0 3 (HFpEF) 52 1 (1)
— I 5T SR BE LGN A T 301 il HFpEF &
FOLH A EE A R 12 AT N R Sk AR K R
R (NT-proBNP) 254k . it 12 JE BT . 1.CZ696
21 NT-proBNP B i & B (5 4k LW 2 0. 77,95%
CI10.64~0.92,P=0005) .3 H W % 74120
IRE AT G DL B 22 i KN, S BE R dF — 2 EsE T
LCZ696 %4y 1) 259t 52 Pk L J6 i 48 U8 M 7K b % 2
WA, LCZ696 Al bt 5 i = RS &EE T
(T 7K, 9 55 1 43 B 08 B2 0 3 S8 3 0 UL
it

2014 4F ESC 42 /a4 i) PARADIGM-HF
g g — 2 o BENLXUE BF 5L LR T
LCZ696 5 4RAR L F X 0o 78 BARIE TR 5 & i R 11
S ZBF ISR A 8 442 B 20 DIRE S 1 -V
G0 BB I o B 40 96 A2 A R B K T A2
FIH A LCZ696(200 mg.1 KO s 4R 3 ) (10
mg. 1 RO . BT 32 B2 05 2 L0 1 4 5L (R
SEAYIET AR RO BE 1 52 A R g
BT LCZ696 5 MR F 41 5.0 il A F R
BT R 22 5. W5 LCZ696 & 5] 1 1Y
R R 20k, PAIBE DT 27 A H B9 45 R Wos .
LCZ696 414 914 1] (21. 8 %) B 3 , 4R B 3 F) 41 47
1117 (26, 5%) /B KA EE LT FF (LCZ696
B XUBS: L & 0.80,95% CI & 0.73 ~0.87, P<<
0.001); LCZ696 £ 5 #K AR % A 4 4> B A 711 H
(17%)>.835 il (19.8%) & & %L 1= (FE 1= K& L
0.84, 95% CIJ& 0. 76 ~0. 93, P<C0. 001) , fi 7E iX
R F o A A 558 (13 %) . 693 4] (16. 5 %) [H
OO B R B T (XU BB 0..80, 95% CI 0. 71 ~
0.89, P<C0.001), ItA, 54K & F| 4 46 b,
LCZ696 21 ¥k /b 21 % P 0 % 4 B 19 KBS (P <<
0. 001) Ff H. ] DLk 2D i Rk A1 RO 2 BN R ) %
FR(P=0.001), i, PARADIGM Hy#F 5% % %k
P, 5 R R ZH AR 1 . 1LCZ696 o T 4 4 i il IR
fE A ALFR IR D T D R RABIA T TR LD E A

12 A BE Y LG IE R LT 25 0 fl DL R E A
Ui R
Sy —I A ARNi 5 ARB X5 1 43 5004 84 vk
O T 5% ) 1) 117 S P BF 58 (PARAGON-HF) ' H i
P3AEEAT o AR 5T W H 40 A 4 300 ) HFpEF
LB LCZ696 54U 3R A0 14 S0 T S IR 5
B &L,
3.3 18 R O T A F 5T
EI i JC 56 T ARNI X8 1 B A K R Il R
WFFE . 5T ARNIL X2 P B 9 19 088 32 2ok U8 1 50
Yt o¢ UL B ARNI U 5 0 5 B AR 01 1) 485
PARAMOUNT #ff5¢ 36 4~ H Fifi i 45 £ 7R,
LCZ696 411 eGFR %4 v 3H 4 & AR, FEAR T 1.6
ml « min '+ 1.73 m ? (P = 0.007), {H &,
LCZ696 412K RN T 1 mg/mmol., 4 Vb 30 41 1
FIRICZM (P=0.02), LCZ696 2 JK & /LB
B Tt
WA MBI RO Z MR T ARNI 7E18 £ '
JUE 9 7 TE P 08 E DI A, A 0 R S R R L I
I, e LG B AR T E S CUKHARP-ID $31 H A8
LCZ696 5 & DU ¥b $H X P A7 25 1 B A9 18 M ' T 614
MR L Z A ST T A 360 BIfEA R e M
i B R A R/ ULET FEAE =20 mg/mmol VA K eG-
FR=20 H<60 ml * min '+ 1.73 m *), BFEPFAL
LCZ696 1097 18 M4 B W 19 4 101 42 Ak S 0tk
4 BERREZE
NPs 760 L8 R G B A AR5 A &5 AE . 1
7 VUK A1 < 0] RTS8 0 B PR PR v B 38 B0 IR B AR
FH AR T L5 | R i A VR K i, IR (4R VP
VP2 ME L 4k 22 . T 4 Sk 1) ARNI 5LJIik T VPi
AN BRIV A B A 7 g IR R0 o SRR A A T 4
NHRAr By &5 58 . (H B Ai s =2 ¢ T 18 P 50 1 ok
PRSI PRAIE 4l o 75 B A 6 07 18 2 — 20 %% 7, 0 9 58
ARNI HA 77 T8 (4 38 W IE
[1] MANGIAFICO S, COSTELLO-BOERRIGTER L C,
ANDERSEN I A, et al. Neutral endopeptidase inhibi-
tion and the natriuretic peptide system: an evolving
strategy in cardiovascular therapeutics[J]. Eur Heart
J, 2013, 34:886—893c.
[2] CAMPBELL D ]. Vasopeptidase inhibition: a double-
edged sword? [J]. Hypertension, 2003, 41: 383—389.
[3] ANDO S, RAHMAN M A, BUTLER G C, et al.
Comparison of candoxatril and atrial natriureticfactor
in healthy men. Effects on hemodynamics, sympa-
thetic activity, heart rate variability, and endothelin
[J]. Hypertension,1995, 26:1160—1166.
[4] MARTIN F L, STEVENS T L, CATALIOTTI A,
et al. Natriuretic and antialdosterone actions of chron-
ic oral NEP inhibition during progressive congestive

heart failure[J]. Kidney Int, 2005, 67: 1723—1730.
[5] WEBER M A. Vasopeptidase inhibitors[ J]. Lancet,



W, 25 T P A 0 7R < o IV T B A B L

ZHANG Feng, et al. Neprilysin inhibition-the new cardiovascular therapeutic weapon

* 417

(6]

7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

2001,358:1525—1532.

KOSTIS J B, PACKER M. BLACK H R, et al.
Omapatrilat and enalapril in patients with hyperten-
sion: the Omapatrilat Cardiovascular Treatment vs.
Enalapril (OCTAVE) trial[J]. Am ] Hypertens,
2004, 17:103—111.

ROULEAU J L. PFEFFER M A, STEWART D J,
et al. Comparison of vasopeptidase inhibitor, omapat-
rilat, and lisinopril on exercise tolerance and morbidi-
ty in patients with heart failure: IMPRESS random-
ised trial[J]. Lancet, 2000, 356: 615—620.
PACKER M, CALIFF R M, KONSTAM M A, et
al. Comparison of omapatrilat and enalapril in patients
with chronic heart failure: the Omapatrilat Versus
Enalapril Randomized Trial of Utility in Reducing E-
vents (OVERTURE) [J]. Circulation, 2002, 106:
920—926.

WADA A, OHNISHI M, TSUTAMOTO T, et al.
Chronic effects of an endothelin-coverting enzyme in-
hibitor on cardiorenal and hormonal function in heart
failure[ J]. Clin Sci (Lond), 2002, 103 (Suppl 1)
254S—2578S.

NAKAYAMA K, EMOTO N, SUZUKI Y. et al.
Physiological relevance of hydrolysis of atrial natri-
uretic peptide by endothelin-converting enzyme-1[]].
Kobe ] Med Sci,2012, 58:E12—18.

EMOTO N, RAHARJO S B, ISAKA D, et al. Dual
ECE/NEP inhibition on cardiac and neurohumoral-
function during the transition from hypertrophy to
heart failure in rats[J]. Hypertension, 2005, 45;
1145—1152.

KALK P, SHARKOVSKA Y. KASHINA E, et al.
Endothelin-converting enzyme/neutral endopeptidase
inhibitor SLLV338 prevents hypertensive cardiac re-
modeling in a blood pressurein- dependent manner[ J].
Hypertension, 2011, 57.755—763.

MELLIN V., JENG A Y. MONTEIL C, et al. Triple
ACE-ECE NEP inhibition in heart failure:
pareson with ACE and dual ECE-NEP inhibition[J]. ]
Cardiovasc Pharmacol, 2005, 46:390—397.
MCMURRAY J J., PACKER M, DESAI A S, et al.

Dual angiotensin receptor and neprilysin inhibition as

a com-

an alternative to angiotensin-converting enzyme inhibi-
tion in patients with chronic systolic heart failure: ra-
tionale for and design of the Prospective comparison of
ARNI with ACEI to Determine Impact on Global
Mortality and morbidity in Heart Failure trial (PAR-
ADIGM-HPF) []]. Eur J Heart Fail, 2013, 15:1062
—1073.

GU J, NOE A, CHANDRA P, et al. Pharmacokinet-
ics and pharmacodynamics of 1.LCZ696, a novel dual-
acting angiotensin receptor-neprilysin inhibitor ( AR-
N [J]. J Clin Pharmacol, 2010, 50; 401—414.
RUILOPE L. DUKAT A. BOHM M, et al. Blood-
pressure reduction with LCZ696, a novel dual-acting
inhibitor of the angiotensin II receptor and neprilysin:
a randomised, double-blind, placebo-controlled, ac-
tive comparator study[J]. Lancet, 2010, 375:1255—
1266.

KARIO K, SUN N, CHIANG F T, et al. Efficacy

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

and safety of LLCZ696, afirst-in-class angiotensin re-
ceptor neprilysin inhibitor, in Asian patients with hy-
pertension: a randomized. double-blind, placebo-con-
trolled study[J]. Hypertension, 2014, 63:698—705.
WILLIAMS B, COCKCROFT J R, KARIO K, et al.
Rationale and study design of the prospective compari-
son of angiotensin receptor neprilysin inhibitor with
angiotensin receptor blocker measuring arterial stiff-
ness in the elderly (PARAMETER) study[J]. BM]
Open, 2014, 4:e004254.

ITO S, SATOH M, TAMAKI Y, et al. Safety and
efficacy of LCZ696, a first-in-class angiotensin recep-
tor neprilysin inhibitor, in Japanese patients with hy-
pertension and renal dysfunction[ J]. Hypertens Res,
2015, Feb 19, doi: 10.1038/hr. 2015. 1.

SOLOMON S D, ZILE M, PIESKE B, et al. The an-
giotensin receptor neprilysin inhibitor LCZ696 in heart
failure with preserved ejection fraction: a phase 2
double-blind randomised controlled trial[ J]. Lancet,
2012, 380:1387—1395.

JHUND P S, CLAGGETT B L, VOORS A A, et al.
Elevation in high-sensitivity troponin T in heart failure
and preserved ejection fraction and influence of treat-
ment with the angiotensin receptor neprilysin inhibitor
L.CZ696[J]. Circ Heart Fail, 2014, 7:953—959.
MCMURRAY J J. PACKER M, DESAI A S, et al.
Dual angiotensin receptor and neprilysin inhibition as
an alternative to angiotensin-converting enzyme inhibi-
tion in patients with chronic systolic heart failure: ra-
tionale for and design of the Prospective comparison of
ARNI with ACEI to Determine Impact on Global
Mortality and morbidity in Heart Failure trial (PAR-
ADIGM-HBP)[J]. Eur ] Heart Fail, 2013, 15:1062—
1073.

MCMURRAY J J. PACKER M, DESAI A S, et al.
Angiotensin-neprilysin inhibition versus enalapril in
heart failure[ J]. N Engl ] Med, 2014, 371:993 —
1004.

VARDENY O, MILLER R, SOLOMON S D. Com-
bined neprilysin and renin-angiotensin system inhibi-
tion for the treatment of heart failure[ J]. JACC Heart
Fail, 2014, 2:663—670.

PACKER M, MCMURRAY J J. DESAT A S, et al.
Angiotensin receptor neprilysin inhibition compared
with enalapril on the risk of clinical progression in
surviving patients with heart failure[ J]. Circulation,
2015,131:54—61.

[26] VARDENY O, TACHENY T, SOLOMON S D.

[27] VOORS A A, GORI M, LIU L C, et al

[28]

First-in-class angiotensin receptor neprilysin inhibitor
in heart failure[J]. Clin Pharmacol Ther, 2013, 94:
445—448.
Renal
effects of the angiotensin receptor neprilysin inhibitor
LLCZ696 in patients with heart failure and preserved e-
jection fraction[J]. Eur J Heart Fail,2015, 17:510—
517
JUDGE P, HAYNES R. LANDRAY M J, et al. Ne-
prilysin inhibition in chronic kidney disease[ J]. Neph-
rol Dial Transplant, 2014, 18: 1—6.

(A% B #1:2015-05-20)



