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Abstract: Selective activation or inhibition of the angiotensin Il type 2 (AT,) receptor can cause vasodilation,
decrease cell proliferation, promote neurite outgrowth and block neuronal excitability. The AT, receptor can be
used as a potential drug target for the treatment of cardiovascular diseases, fibrosis, inflammation, neuronal diseases
and tumors. Research and development of new drugs that selectively act on the AT, receptor and the mechanism of
intracellular signal transduction involving the AT, receptor is a challenging but worthy endeavor. We review
research progress on the AT, receptor and compounds that act on the AT, receptor, along with structure-activity
relationship analysis, to provide reference and guidance for further research in this field.

Key words: angiotensin receptor type 2 receptor; agonist; antagonist; selectivity; structure and activity rela-

tionship

AT, S22 I 55K & 11 (angiotensin 11, Ang 11) 2
R H AR —NA, J& T G & A S B2 4k (G protein-
coupled receptors, GPCRs) K G i 2 — . AT, Z{K1E

5 LA b E K RIS, BEE R g K, 2 AT,
S AR BB AR, T 77320 L O UUBEBE | If A R

Wik H 39: 2020-08-24; & [H] H #: 2020-09-23.

FEETH: < RE B AR R4 FUH (1908085MH269).
*Jl W AF # Tel: 86-551-68129062, E-mail: yczhang2017@163.com
DOI: 10.16438/j.0513-4870.2020-1389

5 A A S ERAR A I B R RS, BT
RN, AT, 3244 B 1% A6 AT ARV T AT, 324K (L& 5 7k
N SZARI 55— B ALY (RS0 P 51 2 1 AR B AN,
BN AT, 52 A 0] LA o AT, 52 AR B0 51 6 1 1 e
e R, BRI 5T AT X AT, S ARTE B R - I R ik
% A4 (renin-angiotensin-system, RAS) R [ 1E F LL &
TEAEAS 5% Th R T 1483 . REBFFIESE,
AT, Z W] 3 RAS I Z B4 il 9 (5 5 1 3% 3, 7



- 712 - 22224 Acta Pharmaceutica Sinica 2021, 56(3): 711 -722

AEBUIEE BT SR AL PR 4 G A B AR e 4
PR T AN A SR B

T SRR 5T R B, BB AT, 52 AR mT L] R R =
i W BB B 1 70 2 WA S 22 ) M5+ 4R W R IR
1 E BRI RE J0; H5 90 AT, 524k AT DLUBH W wih 28 70 % 7 1,
Ak T 7 AR 22 AR PR IO AR RO, IR, AT, B2 4R 1A R
B2 kr . T PR PEEC A& Ang 1
HEAT 25 BT, 19 3 — R AR AT, 3244683 71 45
PR, 205 ok BLAEIR S L Bk £ 11 AT, 32 4R B30 57 L-
162313 /% F &), 19 B — RH IR AT, Z 1K
BN RS B, £ 0EH T AT, 2840 A P o5
A

AR AT, 524 1) 45 KA R R A 5 0 26 3 20087 L 4
A5 5 i 0 3 AL LR T AT, 2R AL &)
[T 72 33k R R AT A 25, I 6 I B 9 PR A LR 1) 1) RN
LIAT TR, NG RN IR S %
1 AT, ZHEBNHRER
11 AT, ZHERMNEN

AT, 52k 5 AT, S ARAU A 34% (1 34 5] 7 51 [R) 8 1,
TEFE R 2540 R VR A 7 41 AR A 5 5 R %
LTS AT AR 2 R, N I8 AT, 52 4 3 [
K7 F 4 04k Xq22-Xq23 b (AT, 52 74 %[5 7 F 3921

3025), gmhd 2 AL R 1 47 B 3 8 7 HAERIE A I RE L
()P i) 22 28], AT, Z AR EE E 2 — AN TTM R (85
JECBETIE 1=V 1) R — AN 20 i P 75 5 PR R T VI 2Ll 1 s
HH. 5 AT, 2k &I ALK & 1 GPCRs X8l (K
104, AT, SZ AR 41 4838 2 (ECL2) 4b B A — A p-K K
T EFIPIA s O RS2 AR5 A 0N 3 A4H f o
I8 3 (ECL3) 11—t B, & 5 R 7% 55 4 N 3iii : Cys35;
ECL3: Cys30; @ i#42 ECL2 FIZJiE 11 (1) — i, & 5
R W% NI i 111: Cys117; ECL2: Cys19504-161, fiff 57 %
B, AT A — AN i B A 0 5 38 AT SO AT, 2 A T
O FIISER A, R U, AT, 320K 8 11 6 B ot
B 5 52 A 2 B PR S R 7 62 3 B E R ST,
1.2 BUREAT,ZHEAMEHERM

Zhang 2504 Ry, AT, 520K 4K [ HOIR e VI b T —
ARG g B, IR S S0 B BT T AT, 32 A%
G & A 8L p-1H| 2 (1 (B-arrestin) (47 5, 4k M {15 AT,
2R BAH S AT ZEAFE RS 55 S P . Connolly
UMY IRTE VIN BT AL B AR LA B v e AR S T
T A A A IR RE ) R IEAE H, kT BEAS T2k S
TUHE SR EF CEANA-MEIEANSS, [£15
AT, 2R A5 AT 2N E G S . 55T R0,
AT, 52 AR IR T VI B [m] 40 0 A 36 1 (AT, 52 48 1 5 e

b

Figure 1 Helix VIII blocks the putative G protein/g-arrestin-binding site of AT,R
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Figure 2 Binding mode of the endogenous agonist, Ang Il

(beige) and non-peptide ligand (light gray) on the modeled active-
like conformation of the AT,R
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Modification site 2:

1) A disulfide bond is introduced between Val® and lle* for
ring constraint

2) Substitution of Val*-Tyr' and Val’-Tyr*Ile fragments
with y-turn mimicking scaffold

3) Substitution of Tyr*-1le® fi

with fi-turn mimicki

scaffold
Modification site 1: S / ...... ]
Substitution of Asp' HaN._NH -
with Sarcoine Hl'l.l

Modification site 4:

A series of short peptide
compounds were obtained
by removing Asp'-Arg>-
Val® fragment

Figure 3 Modification sites and structure of Ang II

Modification site 3:

1) Substitution of His® with
. / 4-aminophenylalanine
: 2) Substitution of Phe* with
isoleucine
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Modification site 1:

Sarcosine (Sar') was
used to replace Asp'
of Ang Il
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Figure 4 The modified site of Ang Il and the structure of com-
pound 1
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Modification site 2:

A disulfide bond was introduced
between Val® and lle’ of Ang [1
for ring constraint

Figure 5 The modified site of Ang Il and the structures of compounds 2 and 3

K: AT,R =23 nmol-L"; AT,R = 3.3 nmol-L"
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Figure 6 The modified site of Ang Il and structures of compounds 4-6, PD-123319

Modification site 2:

The Tyr'-lle® fragment of Ang II was
replaced by a benzodiazepine structure
with a f-turn conformation
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Figure 7 The modified site of Ang Il and the structure of com-
pound 7
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(Tyr): Compound 9

Figure 8 The modified site of Ang Il and structures of compounds 8 and 9
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Figure 9 The modified site of Ang Il and structures of compounds 10-14
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Figure 10 The discovery process of compound 16 and structures of compounds 16-19
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20 (C21)
AT;R agonist
K AT\R > 10 pmol-L"; AT,R = 0.4 nmol-L"

Figure 11  Structures of compounds 19-21
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Figure 12 The modified site of compounds 20 and 21 and structures of R;, R,, R,
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Figure 13  The discovery process of compound 23 and structures of compounds 22-26
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Figure 14  Structures of compounds 20, 27, 28a(-), 28b(+), 29a(-), 29b(+)
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