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[ Abstract |
with linear linkage specificity (OTULIN) and provide a new therapeutic strategy for gastric cancer.
Methods Gastric cancer cell lines with high OTULIN expression (AGS-NC, SNU601-NC) and OTULIN-
knockout cells (AGS-sgOTULIN, SNU601-sgOTULIN) were used. Experimental groups included: control
(DMSO), LTL-04-061 concentration gradients (0. 1, 0.3, 1.0, 3.0, 5.0, 7.0, 10. 0 wmol/L), and proteasome
inhibitor intervention (MG-132/MLN4924+5 pmol/L. LTL-04-061). OTULIN protein expression was analyzed
by Western blotting, while mRNA levels were quantified by qPCR. Protein interactions were validated by co-

Objective To screen novel molecular glues targeting ovarian tumor domain deubiquitinase

immunoprecipitation (Co-IP). Molecular docking and 100 ns molecular dynamics (MD) simulations were

performed to analyze complex conformations. Anti-proliferative effects were assessed using CCK-8, cell
Results LTL-04-061 degraded OTULIN protein in a
concentration-dependent manner (0.1 to 10.0 wmol/L), with significant degradation at 5 pwmol/L. At this
concentration, OTULIN mRNA levels remained unchanged (P>0. 05). Degradation was blocked by MG-132/
MLN4924, indicating dependence on the CRBN-mediated ubiquitin-proteasome pathway. Co-IP confirmed
LTL-04-061-induced OTULIN-CRBN ternary complex formation. Key interactions involved OTULIN HIS339
and CRBN TRP378/HIS380. MD simulations showed stable complex conformation after 50 ns (RMSD
fluctuation <0. 1 nm), sustained hydrogen bonds (80 to 100 ns), and stable radius of gyration (Rg) and solvent-
LTL-04-061 concentration-
dependently suppressed gastric cancer cell proliferation and colony formation. CCK-8 assays revealed 1Cy,
values of 8.95 pmol/L (AGS) and 11. 70 pmol/L (SNU601). OTULIN knockout significantly attenuated this
inhibition (P<0. 01). Conclusion OTULIN exerts pro-oncogenic effects in gastric cancer. The molecular
glue LTL-04-061 targets OTULIN for CRBN-dependent ubiquitin-proteasomal degradation,

suppressing malignant proliferation. This identifies LTL-04-061 as a promising precursor for molecularly

proliferation, and colony formation assays.

accessible surface area (SASA), indicating no structural expansion/collapse.

thereby

targeted gastric cancer therapy.
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B I, T B S IR 45 P Sl P S R S 1 R R AL
(ovarian tumor domain deubiquitinase with linear linkage
specificity, OTULIN) A] & —PEUJEI iz R4k, —3&
I [F R 2z R AR A IR IR & L A AR
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NG AR R HERE ()R T SRS AT A R IR

7 F ¢ (molecular glue, MG) J&— &Rk 19 /N3
TALE W O IIRE TS T AR Y 4 1 BT - 2 SO
HAEH, SRR AR AR AR, Hon] LUk RS S
Cereblon (CRBN) , 155 CRBN #4 Q2 2425 , i HfiE % 11
IS A TCE BRI A SR 1, AT /2 32 CRBN
JTLE R B3 2 RIS HEE SR E rUE R E B 59 5 b
J5 L, B3z Rz R T 5 E A I g
& Bz REEFRCIEEE M AR e R L E 2
WA U RER U T B o X — IR AR JH BL R 23 7
JBE BE A% HE [0 1 G2 25 W AE o A T S I A
JEAE AR EABAT IR |« F B R P S Y
WRTTIFRE T A58y 1) 5 g,

F1F H A1 B = #8153 OTULIN (9 MG FI/N 3 T4
il ), A PR N7 4y e S R G S T G
SO R T P L 1 R O L
12 R ALHE OTULIN f58 843 7K, W10 4R HoAR I
I3 HLEL, B uE AR A ) B AR A P IR T RICR
N B TR A TR BERT R

1 MB5FE

1.1 fmfe X H AALE
N2 H 4 22 AGS-NC Al SNUG601-NC H fifi %%
TR R 22 v T Ak 2R 40 I RS RS 1 977 36 B DR T R A S
49 = R A7 . OTULIN i 5% 19 5 98 40 i 5 AGS (AGS-
sgOTULIN) #1 SNU601 (SNU601-sgOTULIN ) H 7 52 B
ERAE o
RPMI-1640 55 32 \F12 K532 . 0. 25% [ 1 11 i}
4R R IR AN A 32 E Gibeo 23 H] 3 4 1L 1A
F L% Viva Cell Biosciences 2> ) ; B EE 1 . Nonidet ™
P40 Substitute fICI& S B AEHENG H I 5T Solarbio A FR 2
F) 5 IP 40 M 22 /% W . 1 mol/L Tris-HC1 (pH=7.5) .
10%SDS ¥ W 25 [ FEZE vy Wy 1 b 50 R M 20 4
YR A BR A A 3 R LW (polyethyleneimine, PEI) |
NaCl, B [ [0 1 550 | 12 J 4700 61 790 OG0 by 435 b
YL 4% 22 3 H I 1) WS CCK-8 R ik 771 &5

W A I 16 Beyotime % £y A FR 23 7] ; DMSO . MG-132,
MLN4924 8 [ (A0 i 510 3 28 = MCE AWl s it A
OTULIN B BRI H 92 [ Abcam A ] 5 S bt AFVA
T 1 90(Hsp90a/B Rabbit mAb) B 5 F 4t 14 (HSP-90
Antibody ) 1) H 57X ABclonal Technology 4= ¥ #} 45 FR
48T 5 Pierce™BT-DYKDDDDK R M B g b g [ 25 [ 5
R R B A F L TB Green® Premix Ex Taq™ 1L 1 H
Jt 5t TaKaRa Bio & R 2 A ; HiScript IV All-in-One
Ultra Super Mix for qPCR I [ 1 [E] pg 5% v MEE 2 1 B
Fe Ay A7 BR 2 w5 AR i E A W B AR i 1 2R B/ B
TG\ [RIFRIC L 2EHT 5 TG A PR I PBS 2 A F i
FAMTEW A AL A2 S A YA AR ECL 2
3R S A S A YR A R 7] pCMV-
CRBN (human ) -3XFLAG-Puro 4 [ 207X 7% R 2L ¥4 TR
IS o ASHIEFEAE A 2 5 el iR 24 2 24 B
Ly 2 P52 T AL, i R A Ll ST 5 38 ) ol i 0 1
WEA ARG, 2R HE 1 8 1 B AR RAE 53— I X s
20 L R 1 R AR AKOT TR L ST B T A 2R
J | FH TR0 ER A 240 B4 A i 1k

311 % COMEIRIEF 4 . VARIOSKAN LUX JighrAc )
1300 [ 32 EFERR R BHE A F] L, DM3000 LED Y245
BRI F A5 Lecia A ], C1000 Touch ™XUf# PCR
{5 ChemiDoc™MPEERE S A FE [ BioRad 247
1.2 Western blot # M AGS % SNU601 %8 je &9

OTULIN 4 i 7K F

i i A 2 1 3 6 IR 2 DMSO 4b PR %) AGS-NC
F1SNUG601-NC 4 g 5 5 56 2H 2y A ] & B 43 7 K LTL-
04-061(0.1.0.3.1.0.3.0.5.0.7.0,10.0 wmol/L) 4t
F ) AGS-NC 11 SNU601-NC 21 il . 43 5] i £ 52 56 41
FRIT ECZH 48 A, SR FH 3 28 11 Tl 400 461 7] R0 48 12 T 411 o) 55
() TP 2L VK | 224#% 30 min, 100 ‘CHIF 10 min {55 (A
JARME 20 CIRAFA o Ui 10% 73 BI85 5% e i
JE i SDS-PAGE B , 25 80 V 1H JE 30 min. 120 V fH /&
3 E WAL B K A B A 1 100 VAR R 1 h B9
RO B 1 A PR AT A 22 BT MKIR 28 5% IR 2R W 3+
B 1 h.%dt A OTULIN/HSP9O (1§ %) —$i (1:4 000)
4 CE R HRPARICILFEPT AR =P (1:10 000) ik
PBFH 1 h; e ECL & 57 & W5 , i TmageLab
A A s
1.3 CCK-8 k4 2m fondg 74

W55 B4 K ) AGS-NC L AGS-sgOTULIN ,SNU601-
NC . SNU601-sgOTULIN £ ffd #2552 56 4320 ([A] 1. 2) LA
L IXI0 N B A T 96 FLI, 22 37 °C.5%CO. 5555
R 24 W e, SRR, AL A 10 pl CCK-8 14k
F5 90 WL TR IR AW, k8215972 2. S h AEAT )G
ek o B A e A A 450,650 nm P 4 Ab A I
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AL EE (OD A, -2 il 4 M1 58 th £k .
1.4 SoFET a5 B ) 2m A6 38 74

TE 6 FLA R 1 0001~ AGS-NC  AGS-sgOTULIN,
SNU601-NC,SNU601-sgOTULIN 4 fifd , 4 FL il A 2 mL
SEL IR EL B AR E T 37 °CL5%CO, 40 i 35 4
Brigt. Hefh24 hm , WESEIA0 M S8 e B, F L R 5
B NS5 wmol/L LTL-04-061 HHT i 58 445 F 5|
LA 2 mL, 4k2E85 57 . B0 3~5 d, LS4 il e B I
O, HFH . R SRR 10~14 d, G 6 fLA T B
A HR 775 BT T DL %) e A IR, 3 2 s 3R 0k, FH PBS R T Uk
238, A 4% Z2 5 A E W, [T 15 mine PR PBS
THUE23, A 0. 1% 45 f 2 Qe I 4 48 15 min, SRJ5
[l 2 i S e i, 25 B PR R R e T fLb, =
EEIERT . FHAIPLIA R IO BE s R,
GraphPad Prism 9. 5 A A A BRE B TR A
1.5 %95 250 % (co-immunoprecipitation, Co-IP)#: ]

OTULIN 5 CRBN #8 Z4£ A

K 9% AGS-NC 41 it , >4 41 Jig %% 1 34 3] 70%~80%
i, %% A H 4 JFRE Flag-CRBN . 5% L i 2 < 76 500 pL
TCMLTE F12 85 32 W A 10 pg Flag-CRBN 130 pl.
%359 PELCT mg/mL) , JBOk: 5 PEL A BT He oA 1:3,
RS 15 min J5HE 5 A BOR RGBS SR O A 4,
1 7% 8 h J B 25 20 M 15 5% VR 48 A BT 1) 15 % U Ak 2k 1
Feo FULJE 48 h T fE R SR RIS wmol/L
LTL-04-061 5 % /A& 1 DMSO , 4% 22 15 5% 18 h, il A
10 wmol/L MG-132, 4k 521535 6 h, We B 4% 25 41 o fdi 11
CHAPS 2 fiff- 8 (5 8 1 T 161 7] Rl 12 1l 40 ol 7)) 42
BUE 1 GREOTER 1. 2) 28 E3SWONA 20 pL Pierce™
$L-DYKDDDDK # VB R S , B THE 4 "CF 0. Sxg I +%
PR AV B 3, B e P A ARG R R R AR
B EFE SR 100 “CA BB INFA 10 min J& , (8 & 1
1528 5 46 00 OTULIN 5 CRBN AH B AE T, 46 10 37 7 )
1.2, N4 HSP-90,
1.6 2Bz RNA # 0 OTULIN 49 mRNA & -F

FEHCAN A RNA : 5555 AGS 200, >4 40 Jifd %5 )3 35 %))
20%~30% I} , INAAS )R B LTL-04-061 (¥ FE ] 1. 2)
AR DMSO, 4kZE 1535 24 h, F B3R 58 B0k
£EJ5 11 TRIzol J5 K b Z46#% 20 min. R & TRIzol ARF S
NG (TRIzol: @Al=5:1), B B 5= 15s. BTIK
|10 min, 7£4 “CF LA 12 000 Xg 25.0> 20 min, WHL [ )2
JKAH BB EP A A SF R R A B, B 430 S YR TR AT
BT UK 10 min, 764 ‘CF A 12 000 Xg &0 10 min, 7
F B BIN T mL 75% LB B UTTE GRS, 78 4 “CH L
12 000 Xg #5023 min, F725 13, 1500 wl Jo7K 4B,
TE4 ‘CF LA 12 000%g 2.0 3 min, FE2= OB, & iR T4
10~15 min, RIFVLHEEMA 10 pL DEPC /K, 55~60 °C

MEE 10 min LLBHIA

JG 51 B A5 6% IV (reverse transcription PCR,
RT-PCR) : 7£ RNase-free 250> L B 1R AW (4 L 4x
gDNA wiper Mix, 1 pg £z RNA, Jill RNase-free ddH,0
216 pL) , HB WA RRWAITIRS) & T 42 CERmG
2 min, 7E N A 4 pL 5xHiSeript I qRT
SuperMix 16 pL Bt & IR AW, A B R EWITIR
A1, BT PCRIYH,37 °C 15 min,85 'C 5 s,

SEI B G 8 B R A EsE = R (quantitative real-
time polymerase chain reaction, qPCR) : 7£ /\ B4 Hr fig
il 20 WL 2 W44 2 (2 wL ¢DNA, 10 pL 2xSYBR Green
qPCR Mix, 0.4 wL 10 pmol/. [ 514 ,0.4 wL
10 wmol/L FF5I4,7.2 pL dd H,0) ,#% & PCR &%
(FAE P 95 °C 300 55254 95 °C 20 s, 3B k55 °C 20 s,
FEAH 72 °C 20 s, EFR 40 UK ) o JITASECHE R F AR G o 12
AT T .

1.7 % F s34 OTULIN : LTL-04-061: CRBN #) &~
Ak %

M RCSB % 5 504 )% T~ 48 OTULIN (PDB 1D :
3ZNV) 1l CRBN (PDB ID: 8G66) [ i 14 45 ¥4 , {ifi J1]
Pymol 3. 0 F AR X & (HE AT 2K in U Aab B, 48 1 Fgb
FEA G PR B i S S R R L B E AT e A /D
b o AR TR TR I PR A SRR GE A5 A T AR I A R
& ¥ . i ] ChemDraw3D 22. 0 %} 4> ¥ Jif LTL-04-061
AT T DL B R 2 fe /M AR B, 7E MM 73 X670
T TREE AL . [ Autodock Vina 1. 2. 7 3E474%
FXFE . Ligplot+ 5 E X 5 A W1tk T4k 24 8 1 43
BT, {8 H Pymol 3. 0 FRA4XTZ A Wtk A T il AL A b 2
1.8 & -F 31 A F# 4 (molecular dynamics simulation,

MD)3£4% OTULIN: LTL-04-061:CRBN #4 k424 %

41 345 OTULIN : LTL-04-061: CRBN & & ¥ 7£ /&
FREEA T MBS SR S R AR, b &
()3 PR AL 5 VR T PL A AT 3 AL J5 7K P AR B . i
JH Gromacs 2025.03 #K 4F 4/ M A # T H . R H
CHARMM36 1 5% & Wit i S8 b b . REeH
HIYE B AW S IR R I R e,
NA- G R M IE S &1 10 A B 5 R TIP3P
AR TN o SR Bl T B A AT e 2 fe /b
AR 207 1 VR AR 10 1)1 A0 R AR AL R
THs bR, HE RS K J1<1000 kJ/(mol*nm) . %
PEAT WAL P - D IE U R Z5 (NVT R EZ5) B 100 ps,
5 R Gk FEU(N) ARFLOV) FREE (T) , 5B 5
A HEHE R 310 K, 2R V-rescale i FE# & 7 l——
27 1 T ek T S R R R S R IR o e
PR LS TR ME R Q4G RS R RLE (NPT R
Z5) B 100 ps, [ R FE0(N) e J7 (P) FNE B (T),



http : //aammt. tmmu. edu. cn Py 2275 R 22731, 2026, 48(3) 255

JEITHEREAE 1 bar A PR E 77, R H Berendsen J& S # &
755, 8 A A SRRSO S A AR
PR 5 AR IR — BN AT RS . 7E NPT REZR5
7 JF ) 100 ns TCA HAE 743 -3 1 2 40, B4l ak
FEFPSR I 2 s IR BB 10 ps PRAF 1B S,
e 242 UL 5 000 A8 G ot i) a0 E s, T e 4k
NI

B AT, 8 Je R 0l SO A7 1, B s &
B JE S R AR A T i AR AR T RS A T b B AL TR L 1
PRI P ECR BTERf M . B T3 G B ) A48 s 1
J7 HR AW 22 (root mean square deviation, RMSD) J& J e
S5 W) AR SR X T ) T 235 4 104 D 5 R, RMISD
{ELRSAE A AR SR BRSP4, T ] T FI A 40 1 A
B 5 Y77 R 8l (root mean square fluctuation, RMSF)
SR A B 1 B R 1 I B, R RMSF X S i X6F
N7 25 1 TG R [ (5 (loops ) DX B8 176 4 114 J&] 8], vl 48 7~
G W28 0 B8 1 PR B TR T 5 1% 2142 (radius
of gyration, Rg) &3/ 5 H 5T (Y [A] BE~F 428 , S W2k
BIRZGERE  Re AT BOREE WA &= F8UER
PG e sl i 5 175 AT S SR TR (solvent accessible
surface area, SASA ) & {b 2R 1 A0 7 500 H2 i DX 3R, e ke
HAM G kI FE RS . &8 (hydrogen bond,
H-bond) /248 146G 5 8 11 0] 9 SR A S H R 2 it
], SV y B AR AR AR, s S8k i
2 S GRS A RRE M. Gl IR AR Y I ]
ARSI, AT TR S S EAE S

LTL-04-061

AGS-NC

() S ZSAH AR AL
1.9 %itsad

i GraphPad Prism 9. 5 4 i 27 5014 X 52 56 20 P
PEAT G2 0BT, T R s 221 5 2 A 858 R
M7 AREAS KB BEAT A, 3 20 S DL B R R B I &
T PR LA 4 R R . DL P<0. 05 h 2
SHEGIHE

2 H#HR
2.1 5 F&LTL-04-061 F 8 § J& 48 12 OTULIN & &
Fk R

AR AT R A SRR, o T
LTL-04-061 n] g '~ ¥# J& 40 it OTULIN & 1 /K °F .
LTL-04-061 Atk 25# anE i (B 1A) . N it—2
BRI — & 30, A5 FH P R4 15 %235 OTULIN (1)
AGS-NC F1 SNU601-NC 5 J# 4 iff . i i Western blot
SRR IAE S pmol/LRJE T, LTL-04-061 1] L) i 3 [
fifg OTULIN (] 1B) , - 7E L JE T, OTULIN [ mRNA
FAXTFEIE KPR KA L E A (E1C) . [, &R
it (A0 41 ) MG-132 Fi1 MLN4924 431 J5 , OTULIN ([
fif A5 EAMH (B 1D) o B UFE OTULIN (1) B fff 2o F2 4K
T CRBN 25 [, A 52 76 40 i i 338 14 Flag b
A1) CRBN 25 o 18 i Co-TP £ % 3iF B LTL-04-061
a5 CRBNE &2 &9 (K 1E) , % B LTL-04-061 i
it CRBN A8 (132 25 - 86 B AR & 42 T 78 5 0 20 i
OTULINZE .

9 LTL-04-061/(umol/L)
Z 01 03 10 30 50 7.0 10.0

Gray value ratio 1.00 0.91 0.93 0.87 1.01 0.69 0.64 0.69

15 OTULIN(42x10%)— Ml S S0 0 M 0 o
HSPO0( 90X 10%)— | Ml M s S G S S S

1.0 E—

Relative mRNA expression

DMSO LTL-04-061 C

SNU601-NC

o LTL-04-061/(umol/L)
)
Z 01 03 10 30 50 7.0 100

0.5 Gray value ratio 1.00 1.09 1.00 1.05 1.13 0.71 0.73 0.71

OTULIN(42 X 10%)— W

HSPOO( 90X 10%)— | ME-—-.—N-—— G — —— —

B

A': Structure of molecular glue degrader LTL-04-061; B: Western blot analysis of LTL-04-061 dose-dependent effects ;

C: OTULIN mRNA level quantification

El1 % FELTL-04-061 T8 % &4 OTULIN & Bk F (n=3,x+s)
Figure 1 LTL-04-061 downregulates OTULIN protein level in gastric cancer cells(n=3,x+s)

(BID.EZTFRm)
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LTL-04-061(5 umol/L)
+ + o+ + o+ Flag-CRBN - - + +
AGS-NC DMSO MG-132 MLN4924 LTL-04-061 (5 umol/L) + - + -
<
OTULIN(42 X 10%)— | S s o 3
( ) o Flag(50 X 103)— ‘ '
HSP90( 90 X 103)— ”..
- —— OTULIN(42 X 10%)—
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Figure 1(continued) LTL-04-061 downregulates OTULIN protein level in gastric cancer cells(n=3,x+s)
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Figure 2 Molecular dynamics analysis of stable conformation of OTULIN : LTL-04-061: CRBN complex
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Figure 3 Structural interaction analysis of the OTULIN : LTL-04-061: CRBN complex
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Figure 4 The molecular glue LTL-04-061 suppresses malignant proliferation of gastric cancer cells through
targeted downregulation of OTULIN protein (n=3,x+s)
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