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Chemically mediated 14-3-3 protein post-translational modification
interference: design of molecular glue and the application in cancer
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Abstract: Protein-protein interactions (PPIs) are not only crucial for the assembly of protein complexes but
also fundamental for maintaining normal biological functions. These interactions are vital for protein structure and
biological functionality and play a central role in cellular signaling, metabolic pathways, and regulatory networks.
The 14-3-3 protein, highly conserved and widely expressed in eukaryotes, primarily recognizes and binds to its
partner proteins to participate in essential life processes such as cell cycle control, signal transduction, and energy
metabolism. This review discusses the role of dysregulated PPIs between 14-3-3 proteins and their partner proteins
such as estrogen receptor a (estrogen receptor a, ERa), RAF proto-oncogene serine/threonine-protein kinase
(C-RAF/RAF-1), and p53 in the onset and progression of tumors, focusing on the research progress of 14-3-3/ERa,
14-3-3/C-RAF, and 14-3-3/p53 molecular glues. These molecular glues, by mimicking or enhancing the
phosphorylation sites of serine on partner proteins, form covalent bonds, salt bridges, and hydrogen bonds with
14-3-3 proteins, thereby enhancing the stability of PPIs and effectively intervening in protein activity and signaling
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under pathological conditions. Additionally, this article explores the potential of this chemical intervention strategy

in clinically suppressing tumor progression, providing a theoretical foundation and practical guidance for future

research directions.

Key words: 14-3-3 molecular glue; protein-protein interaction; RAF proto-oncogene serine/threonine-protein

kinase; estrogen receptor a; p53
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Figure 1 Crystal structure of the 14-3-3 protein
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Figure 2 Role of 14-3-3 in estrogen receptor o (ERa) activation. Estradiol (E2) drives ERa dimerization and transcriptional activation.

14-3-3 binding and stabilization by FC, keeps the ERa to remain in a monomeric state, thereby reducing DNA interactions, gene transcription,

and cell growth (A); structure of compound 1-4 (B); cocrystallization of 14-3-3 (gray), the phosho-ERa peptide (orange), and compound

(green): compound 1 (C), compound 2 (D), compound 3 (E), and compound 4 (F)



+ 2956 -

Z5% %4 Acta Pharmaceutica Sinica 2024, 59(11): 2953-2961

TR C42, 75 7 FR 48 1] 14-3-3 LIS K, 5 ERa-pp 1 C
uiig % J R 7K A AR Y, 3658 T 14-3-30/ERa AH HAE H
(E12D). 20234, iZ H AU 14-3-30 (WT) 32— 250
Bk, RILT W LAE T 14-3-30/ERa AR B 1 L4040 1
I & 3 (K12B), W22 1 mmol- L F AL 54 3 %
C-RAF 5 14-3-30 M 45 &2 M J1 8200 1 8145 (K, =
106.0 nmol-L™", K, ;o = 8.5 pmol-L"), ERa 5 14-3-3¢
AR T 19 1% (K, = 21.0 nmol'L", K,y =
360.0 nmol-L™"), 14-3-30/USP8 I SE 1 JJ i & T 4 1%
(Ko = 1.1 pmol-L, Ky oo = 4.5 pmol-L) B fL &
Y13 5 14-3-30/ERa &5 R X5 06 2 AHAL, H K S
fty G 2 3 45 M 8 5] T ERa A T 2 1k S5 1K (18] 2E).
BT 3 B BAR K JE Y% 3 4, Konstantinidou
G S 3 TR T BRI — 7T, R
B 4 g KA BELIR AR (41, 389 0 43 - 2R il 28 24 91 467 B
$e Xt C-RAF Bk #%; 5y —J7 I, # 4L 1) 14-3-30 C38
(1) T e e A1 Sk 5 0 0 S T e o S, 18 o B 1
FINIE, “BiE " &P RIM R, 3 — 253 386 ERa (1)
TR BEUE L B RS M 1 S 4 (] 2B),
100 pmol-L™' {k &4 4 % 14-3-30/C-RAF Féa 52 /8 A b ik
B3 BT 42%, Xt 14-3-30/ERa K5 1 H LLAL &4
34 1291, 5 FC-A ML (K, = 13.0 nmol-L",
K, puso = 2.2 wmol-L), FGE M LI 116 1% (K, =
18.0 nmol-L", K, ,,s0 = 2.1 umol-L™"). 7E g {ALE 4 (K
2F), R R MR R TSk e 1 U7 2 A
V)4 5 14-3-3 FIPE SR IR TR A S B s A VR
Visser %854 C R IR T, /i S
ERa/14-3-3 F & W) 45 G 15X, K P ASE L T 4R AL
R4y T W B fragment class 1 (1L &4 2) Al fragment

class LB THFEERISE DAL (B 3A), SR T AESLA
H9r 15 (B13B). 500 pmol-L A& 54 14-3-3y/
ERa PPIs 3 Jii T 25 fi% . Fragment class 1 5 14-3-3¢
(C42) 1) CA2 JLAN T B — i b, SRR ERAE A 31 14-3-3
PSR oy, G815 ERa B BRI C i 40 20 B2 1 B /K VR K
YEAEH (K1 3C). Fragment class I & L@ 5 14-3-3
(1 E14 SR IL T iR R AEVE M (BI3D). A& 5 52
Pre T WA T 0 1A B0 9 #EAT Ak, RS
ERo W B2 K C ¥ 1 8 /K A AN 3L 55 14-3-3 (U E14 &
BT AR Mk — 2B 58 T 5 %) 14-3-3y/ERa ) K2 E 1
F (B 3By X Ff il ik 1R 31 2 -1 A5 FH A 1t DA S 45 A5 A5
S AL 27 A ) 2 S, 2 — R R ORI BE 28 UG Fic A 2 119
oy T HR A 0E 23 1], B A AT U 0 B (A] A B
fEH.

2020 4, BTN RV I T — Rl AT T 4 ik s e
254589 6 (B 4A), FLX} 14-3-3/ERa A 559 19 T 0T
PE, Ik 2= G A F R 3R 5, KILR M R 5T
6 A HIEMER I, I L S ATH S FE D (R)-6 5 14-3-3/
ERa [ =0 B SR, IF R IAZ I 118 d AR 45 4
5M BB EY .. T RIS 8 EEFHEN 2 T
PR AR RS, BE TN B AE 5 O e 41 0 R A4 R Hh A
MBI R E NSRS T, RIR)-6 0 Tistt 54
JE S TR RIEL . AR HEW 4R 2 T 2 A E
FATTRE R M TR R . N T SHiZ B T iR
&, BN 01 R AL S LA K 53 1 A S S A A0 SR S
Wt G T — R &Y, Kb R ED T (K
4A) R T M T ROE T (K14B).

I 4b, Gigante SPHRAE T — 288 A 0 BR 4544 HORS
RIRIIND), %R0 T 2 & H = sUA 45 F A H] 1)

A Fragment Fragment Lin§
~N class II 53
class I %gy—»\ERa N p: ~1 BRa
14535 + o, ‘“’N{Mq o A"’"‘QNH

C’ 14-33 °

Figure 3 The design idea of compound 5: linking two effective fragments and optimizing (A); structure of compound 5 (B); cocrystalliza-

tion of 14-3-3 (gray), the phosho-ERa peptide (orange), and compound (green): 2/fragment class I (C), fragment class I (D), compound 5

(E)
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Figure 4 Structures of compound 6-10 (A) and the design concept of compound 7: separating R conformation and utilizing chelation-

guided drug design for a cyclization strategy along with an intramolecular hydrogen bond simulation strategy (B)
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Figure 5 Role of 14-3-3 in RAF proto-oncogene serine/threonine-protein kinase (C-RAF) regulation. 14-3-3 binding to the N-terminal

phosphorylation sites of C-RAF (pS233/pS259) inhibits RAS-mediated plasma membrane recruitment and C-RAF activation, while binding

to the C-terminal phosphorylation site (pS621) promotes C-RAF activation (A); structures of compound 11-14 (B); cocrystallization of 14-3-3

(gray), the phosho-C-RAF peptide (orange), and compound (green): compound 11 (C), compound 12 (D), compound 14 (E)
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Figure 6 Role of 14-3-3 in p53 regulation. In normal unstressed cells, pS3 induces the expression of MDM2, leading to the ubiquitination

degradation of p53 by MDM2. Upon stress signals, 14-3-3¢ interacts with both p53 and MDM2-COP1, stabilizing p53, preventing its degra-

dation, and suppressing tumor cell proliferation (A); structure of compound 1 (B); cocrystallization of 14-3-3 (gray), the phosho-p53 peptide

(orange), and compound 1 (green) (C); structures of compound 15 (D); and compound 16 and 17 (E)
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