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[ Abstract | Objective: To investigate the regulatory role of endogenous neddylation
in B cell-mediated immune responses. Methods: B cell-specific Ube2m knockout mice
(CD197™"*Ube2m™") were generated using the Cre-LoxP system, with littermate Ube2m™"
mice serving as normal controls. Mice were immunized with thymus-independent antigens
4-hydroxy-3-nitrophenylacetyl (NP)-lipopoly saccharide (LPS) and 2,4-dinitrophenyl (DNP)-
Ficoll, as well as thymus-dependent antigens NP-chicken gamma globulin (CGG) and DNP-
keyhole limpet hemocyanin (KLH). Serum levels of specific antibodies were measured by
enzyme-linked immunosorbent assay (ELISA). Flow cytometry was used to determine the
proportions of splenic germinal center B cells, splenic plasma cells, and bone marrow
plasma cells in mice immunized with NP-LPS or NP-CGG. Statistical analyses were
performed to assess differences in immune responses among the groups. Results: Compared
with controls, Ube2m-deficient mice showed significantly lower levels of anti-NP
immunoglobulin (Ig)G2a, IgG2b, TgG2¢c, and IgG3 after NP-LPS immunization, and
reduced levels of all anti-DNP IgG subclasses after DNP-Ficoll immunization (all P<
0.05), with no significant change in IgM levels. The proportions of total splenic germinal
center B cells, total bone marrow plasma cells, and NP-specific plasma cells were also
significantly decreased after NP-LPS immunization (all P<0.01). Following immunization
with NP-CGG or DNP-KLH, Ube2m knockout mice exhibited reduced levels of anti-NP
or anti-DNP IgM and all IgG subclasses (all P<0.05), with antigen-dependent differences in
the timing and extent of antibody reduction. After NP-CGG immunization, the proportions
of total splenic plasma cells, NP-specific plasma cells, and NP-specific germinal center
B cells were markedly decreased (all P<0.01). Conclusion: Endogenous neddylation
deficiency in B cells broadly impairs immune responses to both thymus-independent and

thymus-dependent antigens in mice, and its regulatory effects are antigen-dependent.

[ Key words |  Neddylation; Ube2m; B lymphocyte; Thymus dependent antigen; Thymus

independent antigen; Mice
[J Zhejiang Univ (Med Sci), 2026, 55(4): 321-331.]

[ FER&TE ] #HBIET 292 (helper T cell, Th 28 el ) ; 5 4L 4R (cluster of differentiation,
CD);2,4-=#% X X 3 (2, 4-dinitrophenyl, DNP) ; 97 7 & & (ovalbumin, OVA ) ; & 3L
A 3 %% & (keyhole limpet hemocyanin, KLH ) ;4-# #& -3-# & 5K Z Bt & (4-hydroxy-3-
nitrophenylacetyl, NP) ; 2 & ## 2k 2% & (chicken gamma globulin, CGG) ; #g % #% (lipo-
polysaccharide, LPS) ; 2 f2 /& & %& & (bovine serum albumin, BSA) ; 3£ & & &
(phycoerythrin , PE) 5 3k 4% it & 14 4 B (horseradish peroxidase,, HRP); % & 3%k & G
(immunoglobulin, Ig) ; B B% %, J& "M X % (enzyme-linked immunosorbent assay,
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ELISA) ; v ¥ 3 3% 3K B (tetramethylbenzidine , TMB) 5 % 5% B2 3¢ % % (fluorescein
isothiocyanate, FITC ) ; Bk 82 3k 2% # & (phosphate buffered solution, PBS) ; BCL-2 48 &
YA m fe st = P A% @ (BCL-2 interacting mediator of cell death, BIM)
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Table 1  Serum dilution ratios for detection of Ig antibodies with different coating antigens JL PN 5 400 3R A i 2k 3
— P T ARG A0 L 5 R ) FLA F NP-LPS %2 3% J5
1gG1 IgG2a 1gG2b 1gG2¢ 1gG3 IgM [gG2a . IgG2b, IgG2e i

NP-LPS NP-BSA(Ratio 1-9)  1:20000 1:20000 1:20000 1:20000 1:20000 1:1000 IgG3 %—*ﬁfﬁgﬁj\w R
S e R A At

_Fico . : : : : : : 3 N N

NP-CGG NP-BSA(Ratio 1-9)  1:20000 1:20000 1:20000 1:20000 1:20000 1:1000 lz/% éﬂ H$ HE }El\ EEZ{ I:F‘ v
NP-BSA(Ratio>20) 1:20000 1:20000 1:20000 1:20000 1:20000 1:1000 B éEH B@ ke @U vﬁ /J\ (P<
DNP-KLH DNP-OVA 1:1000 1:1000 1:1000 1:1000 1:1000 1:100 0.01 ) ’ ﬁﬁ NP %%ll‘iiﬁ

Ig: o PEBREE 1 s NP2 4-FRFE- 3l HETE 2 3L s LPS . IE 2240 ; DNP 2 2, 4- R HEEAEIE ; CCG : XS N Fif
BREEH s KLH : LI 2 H s BSA A4 L5 FH & H s OVA L BT A
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B 1  NP-LPS 528 J5 45 20 1.7 NP 4R ST K SE 284k

Figure 1 Serum levels of NP-specific antibodies in NP-LPS immunized mice
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Figure 2 Proportions of B cell subsets in NP-LPS immunized mice
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Table 2  Proportions of B cell subsets in NP-LPS immunized mice

PR Ak 2k 2 4
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M ar M T K i o i DNP K 7

. eG2e . 1663 o, R W R ) . 50 R

PLA, B 41 1 3 T DNP IgM

=T =0 1gG 1 Fl 1gG3 HL R 7K - B AR (¥ P<

Boof 2 0.01) , JJ XJ 41 1) 50%~80% ; $T

= = ok DNP 1gG2b IgG2c FiiR /K P15 o fis

“r J5 45 14 KA (3 P<0.05) , K 1F

0.0 L Em— 0.0 L L H X 1Y 70%~90%; $T DNP 1gG2a

i) (d) i) (d

xR He S, "P<0.05, 7 P<0.01. DNP: 2, 4- Al FA I T sk 1.

B3 DNP-Ficoll 5% J5 PILHLILT DNP F¢ ML A K P21k
Figure 3 Serum levels of DNP-specific antibodies in DNP-Ficoll immunized

mice
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Figure 4 Serum levels of NP-specific antibodies in NP-CGG immunized mice
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Figure 6 Serum levels of DNP-specific antibodies in DNP-KLH immunized mice
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