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Neddylation Activating Enzyme Inhibitor PEV Enhances the Sensitivity

of Colorectal Cancer Cells to 5-Fluorouracil through Cell Senescence
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(‘School of Basic Medical Science, Zhejiang Chinese Medical University, Hangzhou 310000, China;
“Department of Cell Biology, College of Medicine, Jiaxing University, Jiaxing 314001, China)

Abstract Cell senescence is closely related to the slowing down of tumor cell proliferation, and cell se-
nescence inhibits the activation of many oncogenes. Therefore, inducing cell senescence is a potential strategy
to interfere with the important process of tumor cells proliferation at this stage, and may be an effective way to
treat tumors. PEV (Pevonedistat), also known as MLN4924, is a NAE (NEDDS-activating enzyme) inhibitor that
can inactivate CRL by blocking Cullin neddylation. PEV can inhibit the proliferation of tumor cells, promote cell

apoptosis and senescence. 5-FU (5-fluorouracil) is a first-line chemotherapy agent in the treatment of colorectal
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cancer. However, it is not known whether PEV can enhance the sensitivity of chemotherapy drug 5-FU and im-
prove the therapeutic effect of colorectal cancer by promoting cell senescence. In this study, colorectal cancer cells
HCT116 and HT29 were treated with PEV alone, 5-FU alone and PEV combined with 5-FU respectively. Through
B-galactosidase staining, Western blot, cell count for three days, CCK-8 test, mice and xenograft models, immuno-
histochemistry and other experiments, it was proved that PEV promoted cell senescence, the combination of PEV
and 5-FU accelerated cell senescence and increased the sensitivity of colorectal cancer to 5-FU. The inhibitory ef-
fect on cell proliferation was more significant. The results showed that compared with the solvent group, the galac-
tosidase activity, the expression of senescence-related proteins such as P21, P27, PAI-1, P62 and the loss of nuclear
morphological marker LaminB1 were increased in PEV plus PEV and 5-FU groups. At the same time, compared
with PEV single drug treatment group, PEV and 5-FU combined treatment group increased cell senescence and in-
hibited cell proliferation more significantly. This study revealed that NEDD8-activating enzyme inhibitor PEV pro-

motes cell senescence and increases the sensitivity of colorectal cancer to 5-FU, which aggravates cell senescence

and inhibits cell proliferation.
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Table 1 List of antibodies used in the experiment

EAREN iR LL A i) R

Antibody Dilution rate Art.No Manufacturer

Anti-rabbit LaminB1 WB 1:1 000 #12987 Proteintech

Anti-mouse PAI-1 WB 1:1 000 #66261 Proteintech

Anti-rabbit GAPDH WB 1:1 000 #BK7021 Bioker

Anti-rabbit P21 WB 1:1000; HC 1:200 #2947 Cell Signaling Technology
Anti-rabbit P27 WB 1:1 000 #3686 Cell Signaling Technology
Anti-rabbit P62 WB 1:1 000; IHC 1:200 #AF5384 Affinity Biosciences LTD
HRP anti-rabbit IgG WB 1:5 000; IHC 1:400 #7074 Cell Signaling Technology

HRP anti-mouse IgG WB 1:5 000; IHC 1:400

#7076 Cell Signaling Technology
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A: Western blotf MPEV I &5l 41 R HT29. HCT11625%Z #14; B: NEDD8-Cullin®iA # 4t 117041, n=3. *P<0.05, **P<0.01, ***P<0.001.
A: Western blot assay was performed to detect PEV blocking the neddylation of colorectal cancer cells HT29 and HCT116; B: statistical analysis of

NEDDS-Cullin expression level. n=3. *P<0.05, **P<0.01, ***P<0.001.

El1 PEVIEETZERAEEZEMHT29. HCT11623Z2 Rk
Fig.1 PEV blocks neddylation of colorectal cancer cells HT29 and HCT116
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A: senescent P-galactosidase staining of colorectal cancer cells HT29 and HCT116, the arrows represent cells that are senescent; B: statistical analysis
of the aging rate of HT29 and HCT116 cells in the PEV monotherapy, 5-FU monotherapy, PEV combined with 5-FU treatment and solvent group. ns:

P>0.05, n=3, *P<0.05, **P<0.01, ***P<0.001

E2 PEVEZAIBLUKPEVSS5-FUKERALBRELE S EMMEHCTIG, HT29RE
Fig.2 The senescence of HCT116 and HT29 colorectal cancer cells was promoted by PEV alone and PEV combined with 5-FU
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A: Western blotft Il 7% % #H ¢ £ APAI-1. LaminB1. P21. P62, P27/484k; B: P21, P27. P62, PAI-1. LaminB13K & & 172 &5t il #T-

n=3, ns: P>0.05, *P<0.05, **P<0.01, ***P<0.001 .

A: Western blot was used to detect the changes of senescence-related proteins PAI-1, LaminB1, P21, P62 and P27; B: quantitative statistical analysis of
P21, P27, P62, PAI-1, LaminB1 expression. n=3, ns: P>0.05, *P<0.05, **P<0.01, ***P<0.001.

[El3 Western bloti;NPEVE AR, S-FURZGRAELURPEVSS-FURKE LEEHT29MMRERXERLN
Fig.3 Western blot analysis of senescence related protein changes in HT29 cells after PEV monotherapy,
5-FU monotherapy and PEV combined with 5-FU treatment
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A: Western blothé Il 3£ 2 # 5 #& (PAI-1. LaminB1. P21. P62. P27f1A54k; B: P21. P27. P62. PAI-1. LaminB13& ik & %€ & 48 it 70 #ro
n=3, ns: P>0.05, *P<0.05, **P<0.01, ***P<0.001.

A: Western blot analysis was performed to detect the changes of age-related proteins PAI-1, LaminB1, P21, P62 and P27. B: quantitative statistical
analysis of P21, P27, P62, PAI-1, LaminB1 expression. n=3, ns: P>0.05, *P<0.05, **P<0.01, ***P<0.001.

[El4 Western bloti&UPEV B 4LLIR, 5-FURZAIRLUKPEVSS5-FUKALIEFHCTI6 MR EMAIER LWL
Fig.4 Western blot analysis of senescence related protein changes in HCT116 cells after PEV monotherapy,
5-FU monotherapy and PEV combined with 5-FU treatment
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A: CCKS8 assay was used to detect the effects of PEV combined with 5-FU on the viability of HT29 cells at different concentrations; B: CCK8 assay
was used to detect the effects of PEV combined with 5-FU on the viability of HCT116 cells at different concentrations. n=5. *P<0.05, ***P<0.001.
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Fig.5 CCK-8 assay to detect the viability of HCT116 and HT29 cells treated with PEV combined with 5-FU
at different concentrations
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A: the proliferation capacity of HT29 cells in the solute group and PEV monotherapy treatment group, 5-FU monotherapy treatment group, PEV com-
bined with 5-FU treatment group were measured continuously for three days; B: the proliferation capacity of HCT116 cells in PEV single-drug treat-

ment, 5-FU single-drug treatment, PEV combined with 5-FU treatment, and solvent groups was measured for three consecutive days. n=3; **P<0.01,
*kP<(.001.
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Fig.6 The proliferation capacity of HT29 cells and HCT116 cells in the solvent group and the drug treatment groups
was measured for three consecutive days
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A: the proliferation ability of PEV monotherapy, 5-FU monotherapy, PEV and 5-FU combined treatment, and solvent groups HT29 and HCT116 cells
was detected by plate cloning experiment; B: colony formation number statistics of HT29 and HCT116 cells in experimental groups and vehicle group;
*P<0.05, **P<0.01, ***P<0.001.
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Fig.7 The proliferation ability of HCT116 and HT29 cells after drug treatment was detected by plate cloning experiment
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A: the tumor growth in the PEV administration group, 5-FU administration group, PEV combined with 5-FU administration group, and solvent group
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was detected by subcutaneous tumor formation experiment in nude mice; B: the tumor weight statistics of PEV administration group, 5-FU administra-

tion group, PEV combined with 5-FU administration group, and solvent

tion group, PEV combined with 5-FU administration group, and solvent

group. C: tumor growth curves of PEV administration group, 5-FU administra-
group. ¥*P<0.01, **¥*P<0.001.
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Fig.8 Tumor growth of the vehicle group and the administration groups was measured at animal level
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A: expression of HT29-derived tumor tissue protein senescence related proteins in PEV administration group, 5-FU administration group, PEV com-

bined with 5-FU administration group, and solvent group; B: quantitative statistical analysis of P21, P27, P62, PAI-1 expression; ns: P>0.05, *P<0.05,

**P<0.01, ***P<0.001.

9 Western blott& MR TEALAREZHAXELRTIXENR

Fig.9 Western blot analysis of age-related protein expression in subcutaneous tumor tissue
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Fig.10 Expression of senescence-related proteins in subcutaneous tumor tissue of nude mice detected by immunohistochemistry
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