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Abstract: Nuclear receptor-binding SET domain protein 3 (NSD3) plays an important role in the initiation and
progression of lung squamous cell carcinoma (LUSC), whereas small-molecule inhibitors targeting NSD3 remain
limited. This study targeted the NSD3-PWWP1 domain and identified 37 potential NSD3-binding compounds
through Glide-based hierarchical virtual screening followed by drug-likeness filtering. Surface plasmon resonance
(SPR) analysis showed that compounds 2, 4, 20 and 27 could directly bind to NSD3, among which compound 2
exhibited the strongest equilibrium dissociation constant (K, = 0.95 pumol-L"), approaching that of the positive
control BI9321 (0.46 umol-L"). Molecular docking analysis indicated that all four candidate compounds could
occupy the NSD3-PWWP1 binding pocket and form stable interactions with key residues. At 30 pmol-L", the four
candidate compounds showed different degrees of inhibitory activity against three NSD3-high LUSC cell lines.
Notably, compound 2 displayed a half maximal inhibitory concentration (IC,) of 4.08 = 1.01 pmol-L" in HCC95
cells, which was superior to that of BI9321 (17.62 + 3.11 umol-L™"). Meanwhile, these candidate compounds did not
show obvious cytotoxicity toward HEK293T cells and exhibited favorable ADMET profiles and physicochemical
property distributions. In conclusion, several potential NSD3 inhibitors were identified in this study. Among them,
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compound 2, a novel coumarin-based scaffold distinct from BI9321, represents a promising lead for further

optimization as an anti-LUSC agent.

Key words: nuclear receptor-binding SET domain protein 3; PWWP1 domain; virtual screening; lung

squamous cell carcinoma; small-molecule inhibitor
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Table 1 Thirty-seven candidate compounds identified by Glide-

based virtual screening. MW: Molecular weight

Compd. 1D MW Docking score
1 3381-0485 449.85 -10.31
2 D154-0426 363.46 -10.13
3 S841-0123 446.51 -10.08
4 E614-0268 420.47 -10.01
5 S629-1410 325.37 -9.99
6 5251-2231 359.36 -9.54
7 V020-3118 442.48 -9.37
8 C611-0424 463.01 -9.32
9 V005-5923 487.58 -9.23

10 Y041-4071 359.23 -9.13
11 8011-6647 365.39 -9.05
12 S824-2421 328.42 -8.91
13 8008-6642 314.32 -8.85
14 Y205-8942 422.46 -8.84
15 S606-0462 367.41 -8.80
16 V031-0095 401.49 -8.78
17 SC07-0375 397.48 -8.77
18 V030-9625 436.42 -8.62
19 G025-0088 399.52 -8.59
20 V004-8936 395.42 -8.55
21 Y043-2271 363.42 -8.53
22 3702-0127 460.49 -8.45
23 D256-0112 443.53 -8.38
24 Y512-4404 372.43 -8.36
25 V028-0360 435.43 -8.35
26 4100-3375 382.42 -8.32
27 G070-1367 419.55 -8.26
28 SA67-0668 3524 -8.24
29 D715-0527 331.33 -8.14
30 S751-0135 377.41 -8.08
31 S687-2006 419.49 -8.08
32 Y044-1166 337.77 -8.03
33 C520-0230 442.97 -7.94
34 1692-0068 428.86 -7.92
35 Y044-5024 448.53 -7.87
36 2279-3516 374.48 -7.85
37 V010-6083 461.44 -7.85
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B/ TR EAEA
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Ser314 JE iR B AR, 278 HAE AN [F] T BI9321 (17
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il 2w, AH G2, S W 20 (1 4H i 0 6] 3% A X
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Table 2 Predicted binding interactions of candidate compounds with NSD3-PWWP1 based on molecular docking

Compd. Docking score ~ Hydrogen-bond interaction 7-7r/cation-7 interaction Hydrophobic interaction Salt bridge
2 -10.13 Ser314 Tyr281/Trp284 Trp284 /
4 -10.01 Ser314/GIn367/Tyr281 Tyr281/Trp284 Tyr281/Trp284/Phe312 /
20 -8.55 Ser314/Arg363 Tyr281/Trp284/Phe312 / Glu318
27 -8.26 / Tyr281/Trp284 Tyr281/Trp284/Phe312 /
BI9321 -11.02 Ser314 Tyr281/Trp284 Glu318
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Figure 1 Surface plasmon resonance (SPR) analysis confirms direct binding of compounds 2, 4, 20 and 27 to the NSD3-PWWP1 domain.

NSD3 protein was immobilized on a CMS5 sensor chip by amine coupling, and the interactions between compounds and NSD3 were

recorded on a Biacore 8K instrument. BI9321 was used as a positive control. The K values were obtained by fitting the sensorgrams using

the Biacore evaluation software

Table 3 Inhibitory effects of candidate compounds on three
NSD3-high LUSC cell lines at 30 pmol-L™". Cell growth inhibition
was determined by CCK-8 assay after treatment with compounds

at 30 umol-L™' for 6 days. n=3,x+s

Inhibition rate at 30 umol-L™"/%

Compd.

NCI-H1703 NCI-H520 HCC95
2 64.22 +5.87 92.71 + 6.54 99.92 +4.51
4 56.93 +6.72 84.21+£2.21 91.93 +5.52
20 47.27+7.47 49.62 £2.74 71.01 £9.73
27 65.16 £4.22 77.25+6.98 89.61 £3.41
BI9321 34.85+7.93 56.73 +2.74 80.15+2.98

BI9321 {1 1C,, N 17.62 £ 3.11 pmol-L"s tL&42 £
b i 248 ) 200 L0 ) 2, G TG B AR, WA T B A XS
i BI9321; AL AW 4 R 27 .3 Bt 5 1y e b D, G
IC, BMIC T BI9321; AHELZ R, 4654 20 1375 PR AR 45
55, 5BI9321 2t LIk &5 RR W, M40 1% 3845 1)
AL S, JCHGRAE W) 2 B A BT 1A B0 658 8
Y, IR 5 S a5 A AL AL T 50 1 3 020 T

6 1REMLEYIT HEK293T JEBNJE AR EH] 25 5 14
N

AT VR A 5 3 AX S 4 A AR EE 1 URE, SR
CCK-8 LA I 50 pmol- L™ ¥ & R 4 M ik AL &4 S FH
%57 118 BI9321 X% HEK293T = it 988 48 Jfa 3% 77 1 5 1 .
1T HEK293T 41 fu A~ e A 3 IR i b e 4 i, A< se
A T TR i 40 i 2 D 0 . i 4 SR R, 7
AFEALFE ST, A &40 2.4.20 F1127 40 B J5 HEK293T
S A 3 R SR AL TR KT, R LB R A R (I
4y, Hodr, LA W02 F1 27 4bFE S 40 A S R S B19321
PRI, AW 20 b B S 0 M A7 75 SRS AR, (H R R 4
FRERE KT, A1 4 A3 5 A A7 35 6 5, $2m
L IE 40 R /N o 5 B A I Ml 5 A 0 ) S
B2 AT W, A A 2.4 F0 27 18 4R R B R IE 40 i
PEB RIS, % NSD3 w1 2 54 il i 957 41 i 22 0 HH 5% 4 1)
FOHE M, SR A A — D AR T .
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Figure 2 Molecular docking models of compounds 2, 4, 20, 27 and BI9321 in the NSD3-PWWP1 binding pocket. Three-dimensional

docking poses of compounds 2, 4, 20, 27 and the positive control BI9321 in the binding pocket of NSD3-PWWP1 were generated using

Schrodinger Glide XP mode. The docking models were visualized with Maestro. Key interactions, including hydrogen bonding, hydrophobic

interactions and aromatic interactions, are shown
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PN 0.39~0.86 h, $27 A A 58 5 I8 (] AT e A R .
ADMETIab 3.0 FGll| o] Jy 5 A S22 2%, (H 1
ANfe B AR PR &) B R RN 2030 1) 5
PERT . 5 247 5 AR AMR I AR e 1 R R A A5 S
Y NS ARSI ALE S M v i b 2 1] 8

b — 20 X i 3 A4 B P %) B A R AT LG T
(BS) RIL, 4 MEEAE 150 T 0 & R K r e R
B SR A S S A AT e R R R R M R
MRS SHRSAE A T RAEE T EN . SAKE,
&1 2 R0 4 75 45 405 1 40 B A ) 35 4 Sz ADMET %%
I 2 1) 2 30 b A 1) P A, 0 LA 4 2 e L e iR )
NSD3 4 £ 68 77 I A 470 il 6 3 3 14 B mT 42 52 1) A
ZIVERAE, 3R H A A3 — B RN U EMITR S
FARAL I 17

it
NSD3 J2 i e b B A = ZLRT 5040 8 1O R WL A%
VAR, LR Y Y B R 5 R 4 R B A



e R 3BT NSD3 45 6 70 Y REAUA IR 08 285 5 B IE B UM 868 i Aok 7F - 3101 -

Molecular superposition
of 2 and B19321

Molecular superposition
of 4 and B19321

y,
Molecular superposition Molecular superposition
of 20 and BI9321 of 27 and BI9321

Figure 3 Compound 2 shows the best structural overlap with
BI9321 in the NSD3-PWWP1 binding pocket. Overlay of docking
conformations of compounds 2, 4, 20 and 27 with the co-crystal-
lized ligand BI9321 (blue) in the NSD3-PWWP1 binding pocket.
Docking poses were generated using Schrodinger and visualized

with Maestro

HEK293T
150 =

100 =

Survival / %

50

0=
BI9321 2 4 20 27

Figure 4 Candidate compounds do not show obvious cytotoxicity
in HEK293T cells. Cytotoxicity of compounds 2, 4, 20, 27 and
BI9321 toward HEK293T cells was evaluated by CCK-8 assay
after treatment with compounds at 50 pmol-L" for 6 days. Cell
viability was calculated relative to the untreated control group.

n=3,x+s

MR RF YIS AER, £ NSD3 HI/Ny
T RE O FOZ T 2 B 0GR [ PWWP1 2514
W) BI9321 ANSD3 Thfefft Fudefit 7 B T H . SR,
H i NSD3 400 il 771 S A4 5 18 A7 A 20, I 2 sife L A A
S5 G 8 70 G M P R A R 2 M R A 43 AT A
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A7 7 FiE 0L 9775 358 — SPR B8 31 — 3 - o 428 — 411 B 3 1 P
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5 BI19321 R G R R &G, R T 5085k
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Y1 M FF R TC, B A T BI9321, B RN B by
(AR A 25 45 B8 0, 30 RE 85 76 20 I 7K P 2 42 B8 55 1 400 1)
YER . SRR, AL A0 2.4 127 % HEK293T 4 il A&
ROUH AR, LA - EMEHEEE .
ADMET Tl 3 — 5 R, i1k & 2 ik B Sy
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2 7 55 AU T 40 3 R R 2 P R AL 2 ) B L R
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FERERBOR R A FARA I E ST

B A, AW B AT A S A ) B
SE oy T RRLAULR 20 35 B 0 ) 2 VR AN AR AL S
(R 1, AN B 52 4 I B 41 B #0 ) 7 FH B NSD3 #E
R BN S JFEE0 T it — 0 I i NSD3 ik
Bt I (CETSA VB A BAE FHL5E5E (pull-down). 3¢
Gl G 920 X NSD3 T it 8 W 18 A% A 75 W) A e s i 2

Table 4 Absorption, distribution, metabolism, excretion and toxicity (ADMET) evaluation of candidate compounds and B19321, ADMET

properties were predicted using the ADMETIlab 3.0 platform. HIA: Human intestinal absorption; PPB: Plasma protein binding; HLM:

Human liver microsomal; ¢, ,: Predicted half-life

Compd. Absorption Distribution Metabolism Excretion Toxicity
HIA PPB HLM stability/min t,/h Rat oral acute toxicity/ mg kg
2 =30% 98.06% >30 0.54 > 500
4 =30% 98.13% >30 0.39 >500
20 >30% 98.34% <30 0.86 > 500
27 >30% 96.93% <30 0.41 > 500
BI19321 >30% 82.64% > 30 0.38 <500




- 3102 - 242224 Acta Pharmaceutica Sinica 2026, 61(8): 3096-3104
Lower limit I Upper limit Compounds properties
MW MW
. MW
Log P nRig Log P nRig Log P = nRig
2 h ) )
LogS . " ar Log$S . < 2 fChar LogS , fChar
. .
.
LogD | s nHel LogD ; A nHel LogD | A nHel
o a L . <
nHA MaxRir  nHA MaxRir nHA MaxRir
) .
. d . ) HD ] . Ri ’ 4
nHD nRing n s nHD nRing
TPSA nRot TPSA nRot
TPSA nRot
2 4 20
MW MW
LogP nRig LogP nRig
° .
LogS 0 A , fChar LogS > A » fChar
. .
LogD A nHel LogD . ° nHel
L ° .
nHA MaxRir nHA MaxRir
S .
. .
° .
nHD nRing nHD T ] nRing
TPSA nRot TPSA 1Rot
27 BI-9321

Figure 5 Comparison of predicted physicochemical properties of candidate compounds and BI9321. Predicted physicochemical properties

of compounds 2, 4, 20, 27 and BI9321, including molecular weight, lipophilicity, hydrogen bond donor count, hydrogen bond acceptor

count, rotatable bond count and topological polar surface area, were obtained using ADMETIab 3.0
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