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PEARAG A & vt B ARG, I S G PCR Y1 B 41 i G 8 BREE 117 41 AT 48 X VH 55, , Western blot #1375 S35 4k 1)
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ABclonal A FR S 7 ; anti-GL-7-PE 86 Hi A T I
WL T 44 FRZA W) 5 B e BEPTLAR ATD il Pax5 I F4¢
LA B A HRP-£90 e 1gG W H sl 145
A BRA T e ECL & Y650 £ B a0 e 7
VIR A A PR A
1.2 GREMEHE

AW S BSCHR (10 ] £ 1 NP-OVA (4-F%
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Table 1 Sequences of primers for nested-PCR

H #FE A Gk EA i S1¥F51(57-3")
Target gene Primer name Primer sequences (5'-3")
SN IY-F GTGACAACAAT-
Outer primer-F GATTAGACCCCTG
AGCTCTATCAT-
HERSIHIR GCTCTTCTTGGCA
Outer primer-R
VHL%.Z
BHIEE7RY GTGACAACAAT-
Inner primerF GATTAGACCCCTG
AGATGGAGGCCAGT-
PSR CAGGGAC

Inner primer-R

1.6 GC B#af AID 1 Pax5 % 7k F#& Il

B BEIRAS 1 2 41 GC B 4i i 43 31 Trizol $2Ht
RNA, 2%}y cDNA J& , FI| H Real-time PCR 43l £
B AID 1 Paxd % 57K, LA Bactin /R NSk
RIS TS M IR S LR 2, FRIF R 95 C
10 min, 95 °C 155,60 °C 1 min, 72 °C 1 min, 2347 40
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R RV H 33689 GC B 4R s T ok b, it AZE
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100 “CHEH 10 min, #47 SDS-PAGE #l1 Western blot,
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HRP-£$1% IgG 37 ‘CYEH 1 h, PRIk 3G, H i d
ECL b2 K aiatsalimm 2 3 iy 4t /N, R b2
RICHARAOREAA IR . B R FIFH Image J #4705 43
BT, LLER AL IR] AID 255 JK BE i/ B-actin 2547 JK FE (B Al
Pax5 255 JK JE A/ B-actin Z5H5 KA
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Table 2 Sequences of primers for real-time PCR

H B3 A Target gene

S1F51(57-3") Primer sequences (5'-3")

iR AR JE /°C Annealing temperature

B-actin CACTGCCGCATCCTCTTCC/CAATAGTGATGACCTGGCCGT
AID GGAGAGATAGTGCCACCTCC/TCTCAGAAACTCAGCCACGT 53
Paxb CACAGTCCTACCCTATTGTCAC/TCCAGAAAATTCACTCCCAGG
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GC B 4l i %z A= 5 2 0 VAR 200 B v AT 2 A8, a8 1T 466 o2 2
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1 1
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A: VHge, BB H 3 B W33L RASHI K 5 C: VH g, BER LR R AE M . A: The percentage of VH,gs,; B: The mutation ratio of

W33L; C: The mutation ratio of amino acid of VH g ,.

Ell CVCI302 %5 VH ., BRRE
Fig.1 CVC1302 induced mutation of VH g
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Rik

NS S 14 d, BUE BE ik L 2 i =4 1k 3R
15 GC B2Hy, 4> 5 F] H Real-time PCR Fl Western
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level of AID

AIDFH Xt 55 3 KT
The relative transcriptional

0 1
NP-ISA206 NP-CVC1302-ISA206

AbPH Treatment
#EIR P<0.01, 22 R i 3 s 0+ FOR P<<0.001, 22 ek % . F

[A]. ** represent extremely significant differences between
groups (P<C0.01) ;*** represent extremely significant differences be-
tween groups (P<<0.001).The same as below.
2 CVCI302 42T GC B4 AIDE F# RkF
Fig.2 CVC1302 regulates the transcription level
of AID in GC B cells
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expression; B: Relative expression level of AID protein.
3 CVCI13024b 2T GC B #liff1 AID ik 7k F
Fig.3 CVC1302 regulates the expression level
of AID in GC B cells
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Fig.4 CVC1302 regulates the transcription level
of Pax5in GC B cells
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B-actin “
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0.0 L
NP-ISA206 NP-CVC1302-ISA206

AbF Treatment
A Pax5 # H A ;B : Pax5 S HAHXTRIB K. A: Pax5 protein
expression; B: Relative expression level of Pax5 protein.

E5 CVCI13024 2T GC B4aAE Paxs FikKkF
Fig.>5 CVC1302 regulates the expression level
of Pax5 in GC B cells

3 i

B P 35 R ) I ) T TR T R RS
BRI, SR T g 53 R ) A B A T LA B g 5 1R O
HhORLE JRAA , AR e 2 008 B AR o SCRk b G
T A 28 48 58 0 R F ATD AL BR T2 B i
AR AR R B SR NP-OVA s /L, 1
BT P B 5 7] CVC 1302 Ana] 3 45 AID 26 3k ok
75 S A B




o511

FEEE 25, AREERER R CVC1302 Jaa A4 i & 40 22 A8 i AL I B 5T

215
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SRR F 9T & B0, Pax5 A2 #E ATD [l 235,
BRI A 5 SHM!P . AR #F5E & B, NP-CVC1302-
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CVC1302 f /N, [ B CVC1302 4K i T Pax5 1E
] 8 4% AID fiff GC B 4i s & A= SHM, 32 FHi A4 5 Al
FIHEHTR T 1905 7 B SR, S PIL AR SR AL i e e
(ESabA

£ % 3k References
[1] VICTORA G D, NUSSENZWEIG M C. Germinal centers

[J]. Annual review of immunology, 2012, 30:429-457.
YOUNG C, BRINK R. The unique biology of germinal cen-
ter B cells[J]. Immunity, 2021,54(8):1652-1664.

MAYER C T, GAZUMYAN A, KARA E E, et al. The mi-
croanatomic segregation of selection by apoptosis in the germi-
nal center[ J/OL ]. Science, 2017, 358(6360) : eaa02602[ 2023~
12-15]. https://doi.org/10.1126/science.aa02602.

WANG J H. The role of activation-induced deaminase in anti-

[2]

[3]

[4]
body diversification and genomic instability [J]. Immunologic
research, 2013,55(1/2/3):287-297.

YU K F. AID function in somatic hypermutation and class
switch recombination [J]. Acta biochimica et biophysica sini-
ca, 2022,54(6):759-766.

(61

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[16]

CHEN Z G, WANG J H. Signaling control of antibody iso-
type switching [J]. Advances in immunology, 2019, 141:
105-164.

YEAP L. S, MENG F L. Cis- and trans-factors affecting AID
targeting and mutagenic outcomes in antibody diversification
[J]. Advances in immunology, 2019,141:51-103.

LIN K I, ANGELIN-DUCLOS C, KUO T C, et al. Blimp-
1-dependent repression of Pax-5 is required for differentiation
of B cells to immunoglobulin M-secreting plasma cells [J].
Molecular and cellular biology, 2002,22(13) :4771-4780.
SCHRADER C E, LINEHAN E K, MOCHEGOVA S N,
et al. Inducible DNA breaks in Ig S regions are dependent on
AID and UNG [J]. The journal of experimental medicine,
2005,202(4) :561-568.

CHENJ, YU X M, ZHENG Q S, et al. The immunopotenti-
ator CVC1302 enhances immune efficacy and protective ability
of foot-and-mouth disease virus vaccine in pigs[J]. Vaccine,
2018,36(52):7929-7935.

DU L P, CHENJ, HOU L T, et al. Long-term humoral im-
munity induced by CVC1302-adjuvanted serotype O foot-and-
mouth disease inactivated vaccine correlates with promoted T
follicular helper cells and thus germinal center responses in
mice[J]. Vaccine, 2017,35(51):7088-7094.

DUL P, HOU L T, YU X M, et al. Pattern-recognition re-
ceptor  agonist-containing  immunopotentiator CVC1302
boosts high-affinity long-lasting humoral immunity [J/OL].
Frontiers in immunology, 2021, 12: 697292 [2023-12-15].
https://doi.org/10.3389/fimmu.2021.697292.

RIVERA C E, ZHOU Y L, CHUPP D P, et al. Intrinsic B
cell TLR-BCR linked coengagement induces class-switched,
hypermutated, neutralizing antibody responses in absence of T
cells[ J/OL.]. Science advances, 2023,9(17) : eade8928[ 2023-
12-15]. http://doi.org/10.1126/sciadv.ade8928.

GITLINA D, MAYERC T, OLIVEIRA TY, etal. T cell
help controls the speed of the cell cycle in germinal center B
cells[J]. Science,2015,349(6248) : 643-646.

NAGAOKA H, TRAN T H, KOBAYASHI M, et al. Pre-
venting AID, a physiological mutator, from deleterious activa-
tion: regulation of the genomic instability that is associated
with antibody diversity [J]. International immunology, 2010,
22(4):227-235.

CHEND Y, WANG Y, VIJAY G KM, et al. Coupled anal-
ysis of transcriptome and BCR mutations reveals role of OX-
PHOS in affinity maturation[J ]. Nature immunology, 2021, 22
(7):904-913.



216 LRI I NI <3 4 544 3

Mechanism of immunopotentiator CVC1302
regulating somatic hypermutation

DU Luping"?, LU Haiyan"*, HOU Liting"*, YU Xiaoming"*, CHENG Haiwei"?,
ZHANG Yuanpeng"?, CHEN Jin"*,ZHENG Qisheng"*, HOU Jibo"*

LInstitute of Veterinary Immunology & Engineering , Jiangsu Academy of Agricultural Sciences/
National Research Center of Engineering and Technology for Veterinary Biologicals/
Jiangsu Key Laboratory for Food Quality and Safety, Nanjing 210014, China;
2.GuoTai (Taizhou) Center of Technology Innovation for Veterinary Biologicals,
Taizhou 225300, China

Abstract ISA206 was used to obtain the vaccine by emulsifying 4-hydroxy-3-nitrophenylacetyl con-
jugated chicken egg white protein (NP-OVA) with immunopotentiator CVC1302 to study the immune
mechanism of CVC1302 regulating the occurrence of somatic hypermutation in germinal center B (GC B)
cells. Six-week-old BALB/c female mice were divided into 2 groups and immunized with NP-CVC1302-
ISA206, NP-ISAZ206 in the hind leg muscles, with each mouse receiving 100 pl. vaccine and 50 pg NP-
OVA. Germinal center B cells were obtained with flow cytometry after14 days of immunization, and the
variable region VHg, gene sequence of immunoglobulin in GC B cells was amplified with nested-PCR.
Western blot was used to detect the expression level of cytidine deaminase (AID) and Pax5 induced activa-
tion, and the differences in the expression level of AID and Pax5 between groups were compared with 3-ac-
tin as an internal reference. The transcription level of AID and Pax5 in GC B cells was analyzed with fluo-
rescence quantitative PCR. The results showed that immunopotentiator CVC1302 significantly induced the
mutation frequency of VH,g ., in the immunoglobulin sequence of germinal center B cells, with a W33L mu-
tation frequency of 62.2% in the NP-CVC1302 immunized group and only 20.25% in the NP immunized
group. CVC1302 increased the expression level of AID protein and Pax5 protein in GC B cells. The rela-
tive expression level of AID protein in the NP-CVC1302 immunized group was 0.72, while that in the NP
immunized group was only 0.16. The relative expression level of Pax5 protein in the NP-CVC1302 immu-
nized group was 0.62, while that in the NP immunized group was only 0.26. CVC1302 enhanced the tran-
scription level of AID gene and Pax5 gene in the NP-CVC1302 immunized group, which was increased by
2.36 and 4.13 times compared to that in the NP immunized group. It is indicated that CVC1302 relies on
Pax5 mediated AID expression to regulate the occurrence of somatic hypermutation in germinal center B
cells.

Keywords immunopotentiator CVC1302; somatic hypermutation (SHM) ; immune-mechanism ;
germinal center B (GC B) cells; AID; Pax5
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