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Protective effect of 4—octyl itaconate on IL—1-induced oxidative damage of nucleus pulposus cells / WANG Shuai, CHEN Wei—
yang, JI Feng, WANG Shou—guo. The Affiliated Huai‘an No. 1 People s Hospital of Nanjing Medical University, Huai ‘an 223300, Jiangsu, China
Abstract: [Objective| To investigate the protective effect of 4—octyl itaconate (40I) on oxidative damage of mouse nucleus pulposus

cells induced by IL-1 and its mechanism. [Methods| Mouse nucleus pulposus cells were isolated and cultured, while CCK8 method was
used to detect the viability of the cells. The effects of 401 and IL~1 on Nrf2 pathway were detected by luciferase reporter gene method, immu-
noprecipitation, RT-qPCR and WB method. In addition, JC-1 assay, ssDNA ELISA and TBAR were used to detect oxidative damage, LDH
ELISA, Trypan blue staining, TUNEL assay and Annexin V flow cytometry were used to detect apoptosis. The effect of silencing Nrf2 and Ke-
apl on apoptosis inhibition by 401 was studied by lentiviral shRNA transfection and CRISPR/Cas9 technique. [Results| The 401 promoted
the dissociation of KEap1-NRF2 in mouse nucleus pulposus cells, and Nrf2 re—entered the nucleus to regulate downstream gene transcrip-
tion. The 401 significantly inhibited ROS levels and improved IL—1-induced oxidative damage of mouse nucleus pulposus cells. 401 re-
versed IL-1-induced decline in nucleus pulposus cell viability, increased LDH and increased dead cells. Furthermore, 401 significantly in-
hibited IL-1~induced nucleus pulposus cell death, inhibited the increase of IL-1-induced Caspase—3 and Caspase—9 activities, as well as
the increase of protease PARP1 cleavage fragment and cytochrome C content, and significantly inhibited I1L.1-induced apoptosis. However,
silencing the expression of Nrf2 and Keapl in mouse nucleus pulposus cells negated the protective effect of 401 on IL—1-induced cell dam-
age. [Conclusion| 401 protects nucleus pulposus cells from IL-1-induced oxidative damage by activating the Nrf2 pathway, providing a
new strategy for the treatment of intervertebral disc degeneration.
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Figure 1. 401 activated Nrf2 pathway in mouse intervertebral disc nucleus pulposus cells. 1a, 1b: 401 treated the activity changes of Nrf2
downstream key proteins ARE (A) and NQO1 (B) in mouse nucleus pulposus cells; 1c: 401 treated mouse intervertebral disc nucleus

pulposus cell survival rate, compared with Veh group, *P<0.05.
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Figure 2. 401 promoted Nrf2 entry into nucleus pulposus cells of mouse intervertebral disc. 2a: The conjugation ability of Keapl—Nrf2
complex in the cytoplasm of nucleus pulposus of 401 treated mice was detected by co—immunoprecipitation; 2b, 2¢: The protein (B) and
mRNA (C) levels of Nrf2 and Keapl treated with 401; 2d: The expression of Nrf2 in nucleus pulposus treated with 401; 2e: Changes of
ARE activity in cells treated with 401; 2f, 2g: mRNA (F) and protein (G) expression changes of HO1, GCLC and NQO1 in mouse nucleus
pulposus cells treated by 401; 2h: The effect of proteasome inhibitor MG—132 combined with 401 on Nxf2 protein expression in mouse nu-
cleus pulposus cells; 2i: Effect of protein synthesis inhibitor CHX and 40l on Nrf2 protein expression in mouse nucleus pulposus cells,

compared with Veh group, *P<0.05.
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Figure 3. 401 improved IL1-induced oxidative injury of mouse nucleus pulposus cells. 3a, 3b: CellROX probe (A, red) and DCF-DA
probe (B, green) were used to detect ROS levels in the cells; 3c: The changes of mitochondrial membrane potential in intervertebral disc
nucleus pulposus cells treated with IL-1 and 40l were detected by JC—1 method; 3d: DNA damage in nucleus pulposus cells treated
with IL-1 and 401 was detected by ssDNA ELISA; 3e: TBAR method was used to detect the free radical antioxidant capacity of lipids in

nucleus pulposus cells treated with IL-1 and 401, compared with Ctrl group *P<0.05, compared with IL-1 group #P<0.05.
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Figure 4. 401 inhibited IL1-induced apoptosis of mouse intervertebral disc nucleus pulposus cells. 4a: CCK-8 method was used to de-
tect the change of survival rate of nucleus pulposus cells treated with IL-1 and 40I; 4b: LDH changes in the cells treated with [L-1 and
401 were detected by LDH ELISA; 4¢: The death of nucleus pulposus cells in intervertebral discs treated with IL-1 and 401 was detect-
ed by Trypan staining; 4d~4g: I1.—1 and 401 treated the activity changes of Caspase—3 (D) and Caspase—9 (E) in mouse nucleus pulposus
cells; The change of Clved=PARP1 protein expression (F) and cytochrome C content (G); 4h, 4i: Apoptosis of nucleus pulposus cells treat-

ed with TL.-1 and 401 was detected by TUNEL staining (H) and Annexin V flow cytometry (I). Compared with Ctrl group *P<0.05, com-
pared with IL-1 group, #P<0.05.
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F 18957 shRNA FlI Crispr Cas9 43 A 43 44 Keapl W JG B 2 25 4k (&l 5a) . 401 Fl 1L-1 4b B
FCRATRLSR Nef2 1/ ERBEAZ A A AS 2 4R AR (shNif2 shNrf2 1 koNrf2 U4 R A, 1L-1 5511 shNif2
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Figure 5. 401 inhibited IL-1-induced mouse intervertebral disc nucleus pulposus cell damage dependent on Nrf2. 5a: Nrf2 knockout
(shNrf2) and knockout (koNrf2) mouse nucleus pulposus cells were constructed by lentvirus shRNA and Crispr Cas9 techniques, respec-
tively, and the expression changes of Nrf2, Keapl and its downstream NQO1 and HO1 were detected by WB; 5b~5d: shNrf2 and koNrf2

cells were treated with 401 and IL-1 to detect cell activity (B), LDH content (C) and cytochrome C content (D), compared with Veh
group *P<0.05, compared with shC+Cas9-C group #P<0.05.
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6. 401 ANREHRTH Keapl JUERXS IL~1 3755 /N UBERZ AN R T30 o 6a~6c: FIHIIE S RE shRNA ARG HE Keapl R
(shNrf2) /NFRUBEAZ 40 MMk, #2 Nef2, Keapl K3 i NQO1 Fl HO1 mRNA I (13K 1k ; 6d~6f: 401 il IL-1 4b3
shKeapl Zfifitd, FAll4HfEEPE . LDH S M4ifie R C Fa2fk. 5 Veh 4111°P<0.05; 5 shC+Cas9-C 4 11#P<0.05,

Figure 6. 401 could not counteract the effect of Keap1 silencing on IL—1-induced apoptosis of mouse nucleus pulposus cells. 6a~6¢: len-
tivirus shRNA technique was used to construct Keap1 knockdown (shNrf2) mouse nucleus pulposus cells, and the mRNA (A-B) and pro-
tein (C) expression changes of Nrf2, Keapl and its downstream NQO1 and HO1 were detected; 6d~6f: shKeapl cells treated with 401

and IL-1 were detected the changes of cell activity (D), LDH content (E) and cytochrome C content (F), compared with Veh group *P<
0.05; compared with shC+Cas9-C group #P<0.05.
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