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Halorotetin B exhibits anti-inflammatory effects by targeting
MDM2 to inhibit the MAPK signaling pathway
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Abstract: Halorotetin B is a natural terpenoid compound isolated from the tunic of Halocynthia roretzi.
Studies have shown that this compound exhibits significant anti-tumor activity. However, its anti-inflammatory
potential remains unexplored, likely owing to the multi-target nature of natural compounds. In this study, we
investigated the anti-inflammatory activity of Ha. B. The results showed that Ha. B significantly inhibited the
production of tumor necrosis factor-alpha (TNF-«) and interleukin-6 (IL-6) in lipopolysaccharide (LPS)-induced
RAW264.7 cells. Mechanistically, network pharmacology analysis and Western blot assays verified that Ha. B
exerts its anti-inflammatory function by regulating the mitogen-activated protein kinase (MAPK) signaling
pathway. Finally, natural product target prediction revealed that Ha. B may directly target mouse double minute 2
(MDM2). Cellular thermal shift assay (CETSA) results confirmed that Ha. B could interact with MDM2 in cells,
and molecular docking was performed to simulate their physical binding mode. Meanwhile, RNA interference
experiments further verified that Ha. B exerts its anti-inflammatory activity through binding to the E3 ubiquitin
ligase MDM2.
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Halorotetin B (Ha. B) inhibits the production of inflammatory factors in lipopolysaccharide (LPS)-induced RAW264.7 cells. A:

Cytotoxicity of Ha. B on RAW264.7 cells; B: Ha. B inhibited NO production in a dose-dependent manner in LPS-induced RAW264.7 cells;
C-E: The production of tumor necrosis factor-alpha (TNF-a, C), interleukin (IL)-6 (D), reactive oxygen species (ROS, E) after treated with
Ha. B in LPS-induced RAW264.7 cells. n =3, x £ s. P < 0.000 1 vs control group; P <0.05,"P<0.01, P <0.001, P <0.000 1 vs

LPS group. ns: Not significant



+ 2518 -

242 %4} Acta Pharmaceutica Sinica 2026, 61(7): 2514-2522

Inflammation

Pathway name

p38 [-ﬁ_m 40kDa
p-p3s l: --_l 40kDa
p-ERK 1/2 m 42/44 kDa
INK1/2 46/54 kDa
- il

Tubulin ’; e ﬁl 55 kDa

| 46/54kDa
Fs

LPS + + +

B

Pathways in cancer d
PI3K-Akt signaling pathway
Lipid and atherosclerosis { ]
Proteoglycar o
~log)o(P value;
Chemical carcinogenesi ® g‘z‘:) )
- l s
10
Rapl signaling pathway z - B
Estrogen signaling pathway 3
Prostate cancer Count
Endocrine resistance { %
elaxi ing pathway
@® 3
Dia opathy @«
Alzhei )
EGER tyrosine kinase inhibitor e
Th17 cell diff n
FoxO signaling pa
Hepatitis B
010 015 020 025 030
Rich factor
3 FREK 3
E Hkekok
"~ =
£ # 2 w
B2 2 2 i
2 Q
= =
3
g1 81
= a
=%
CTL LPS 25 50 CTL LPS 25 50
Concentration / pmol-L! Concentration / pmol-L~*
F 5
=
= *kkk
= 4
2
e 3
Q e
= 2
2 1
o
0
CTL LPS 25 50

Ha. B/ pmol-L" 25 50

Concentration / pmol-L™!

Figure 2 Ha. B exerts its anti-inflammatory effects by inhibiting the MAPK signaling pathway. A: Venn diagrams of Ha. B targets and

disease targets; B: Kyoto encyclopedia of genes and genomes (KEGG) pathway enrichment analysis of 110 potential targets; C: The MAPK

signaling pathway expression proteins were detected using Western blot; D—F: Statistical analysis of p-p38 (D), p-ERK1/2 (E) and p-JNK1/2
(F).n=3,x+s.""P<0.000 1 vs control group; P < 0.01, P < 0.001, “*P < 0.000 1 vs LPS group
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Figure 3 Ha. B exerts its anti-inflammatory effects by binding to mouse double minute 2 (MDM2). A: Venn diagrams of Phammapper
targets, SwissTargetPredication targets and disease targets; B, C: Comparison with methanol treatment: Degradation level of MDM2 protein
in cells treated with Ha. B (50 umol-L™") at different temperatures (37, 47, 57, 67 and 77 °C) (B), and statistical analysis (C); D: Binding
mode diagram of the interaction between Ha. B and amino acid residues of MDM2; E: Surface representation of the binding pocket and

interaction interface between Ha. B and MDM2 protein. n=3,x+s. P <0.01
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Figure 4 Ha. B exerts its anti-inflammatory effects dependent on the MDM?2 protein. A, B: Detection of MDM2 protein expression after
knockdown by Western blot (A), and statistical analysis (B); C: Inhibitory effect of Ha. B on NO production before and after MDM2 protein
knockdown; D: Western blot analysis of MDM2 knockdown effect on Ha. B-inhibited TNF-a expression; E: Western blot was used to detect
the effect of MDM2 knockdown on Ha. B-mediated regulation of the p38 MAPK pathway; F: Molecular mechanism of Ha. B exerting anti-

inflammatory activity. n =3, x+s. "P<0.01
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WEVE, #8578 1 Ha. B 7] & 2 #1111l TNF-a. IL-6 %5 48 JiE K]
TP A TR, X2 25 31 2 4y B S 36 9F 3% B Ha. B
% MAPK {5 5 18 B R IEPT R ThRe, KA =1
RPN % 56 0E 2 B E3 2 3% 2 1 MDM2 1] & 4 Ha.
B RIEPL R TN REM 454 F0 m (B 4F).

TENLAA LT B A 423 R, 5 2 A A 28 240
FEAN RN IR ) LR A N R BN A AP, fERAER
AWM B AR s R R AH IR B R = 5.
RAW264.7 4H i 52 W 5 & Fl A6 G 1) G % 0 15 1 PR )
AR . RAW264.7 4H i 7] 43 Wk 22 Foft 98 i A7 o Al
2 A 40 M X7, A145 NOLTNF-a. IL-6 25 . NO 4 i
5 I S TG G R R IR A O, A B B 2 I
PLR AR, AWFFCIE T Ha. B LUK B AR #6175 =X
PO T NO 7= 4. ROS J& 4 B 58 fh o7 B o 11 3= 22
AR, 40BN T 2 Y ROS AT B 38 ok B4 AR 28 0 44 i H
REPH, 54 L R, R 9 E R BL . ASHE 5T K B Ha. B
DL FE AR 1 75 2R ) 7 ROS (1977 2E o TNF-a & —
T2 LI JORE AR B, B2 98 0 PR B 1) A L, TIT 15
F M IAER T, TR RN, e T EAN
TR ZU055 . 1L-6 & —Fp AT {2 48 FIT 28 W E AR
F ) 2 Dhee 40 MR IR 1, v B 1) TIL-6 £ 51 2 — R A I
RREAT, T &P 28 M 5O & B ) E A DY
AR FCUESE | Ha. B fig 2 2 #01 fi] TNF-o F1 1L-6 [¥15 FE
B, X Uush BL ] Ha. B AJ LU0 HI X £6 42 48 41 i K]
T4

MAPK 5 5 I & — 2K 8 B 22 B R/ 97 =R B
1, 76240 M 98 E IR AT OB T g, o T T 4R
9 2 0 DRT 7 R 51 7 A SR TR A i R AR CY . 7R I
A, 4 i MAPK GE K R E AR 3 A R EL
% ERK.INK #1p38. 7 IE % A HUIRE N, X L 4 i
PUARTE AR AAAE T A b . 440 i =2 341 LPS 5%
A GO 2 il % MAPK {5 5 38 B 2% 86 1 IR 1k
Mo BARTE, LA (10 MAPKKK) 0% MAPKK,
E T B R AL JF B0E MAPK (ERK L JNK.p38)°, Bt Ja,
TEAL I MAPKs %12 N %, BB A0 4 2 1 3 s IR 7 (n
c-Fos, c-Jun, ATF-2), M1 4% IL-6 . TNF-a Fll IL-18 %5
2 Pl 9% 9 40 B IR 1 2R 0K 00, IR, MAPK G % 1)
SRRERERERH—NREIRE. HRIRAY
Hiy FE K A [ R 38 3 30 1) MAPK A5 538 B (10 0% & 4%
P D RELT, (H R e 5]k e I s L S A RO .
Ha. BRI 1T & F =03, 1 W0 7 3R W iz & 7E
RIEPUMBE T REN A &=L RS RIEM, BR T
Ha. BHRETE RIED R D) Remt B A RiF etk £
KA T H, Ha. B 7 4b 2 68 % 2 25 40 1 LPS 5 5 10
ERK . JNK F1p38 & [ I iR AL /K1 . iX %K BH Ha. B 1]

DL i MAPK 5 5 3 4% & #8420

MDM2 {E N —Fh B3 72 2 & HE g, 72 pS3 Mg $i il
R A e ORI R RN, G HE R ], MDM2 ]
E AL 98 SR T A ) 7R U] 2 B H T R
B, gk A, it 275 MDM2 A8 0% MAPK 15 5 38 B,
MO 5 80565 4 (1 & BN, CETSA SZ56 5 4 1 % 8%
1) 45 B 141 26 B MDM2 5 Ha. B H o 858 11 45 & BE 1,
MDM2 5 H iy Ha. B RIEHLR DR R BEFE R B . 1
ZHTTF R A2 ) MDM2 [ A 2 259, 2 308 T Mg
BIVEIT o« BT IR 71 K A BT 70 45 SR d B MDM2 [A] £
AT DA SN 9 S V6 TT AT 28 2990 R DB ks o

S SRR AR T 40 K D BE Sk 56 R B, Ha. B
(R 2% 35 1 AT REDR T 5 MDM2 2 A AR B4R, (5
I A T Ik ) A A B S 6 56 UF T 3 E AR AN R
PdiG . 54, Ha BIEE M AEMRN TS TR
AR F BT 2 Tl 2R3N 1 F e S R R Lo 45
R, AW AR T Ha. BAE RAW264.7 W BT K AE
F B L3 LI, DR LT g T 3 AR U5 ) R SR 0 R
2yt T BB, O TR LA MDM2 A HE SRR
RIPL 2 25 BEE T A A

fEZ STBk: "9 Gt Bt SRR AR S HE 2 B A
MRS ZEES 5 KRR RRE ENS S
g o iir; SR s TR SRR T LR SR 5125

FIEERSE: JTA A& 1 WAL R 2 R
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