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Table 1 Mouse grouping and immunization strategy

. Route of Lo
Groups RBD-Fc dose Adjuvant dose L Immunization time Number
vaccination
1 5pg 10 pg CpG+50 pg AICOH), Lm. 0,14d 5
2 5pg 10 pg CpG Lm. 0,14d 5
3 5pg 50 pg AICOH), Lm. 0,14d 5
4 5pg - Lm. 0,14d 5

Heim. WUA ST

Notes:i.m. intramuscular injection.
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JIT G KCHE ¥ 8 ) SPSS 27 $E AT 4y M o Al T
Kruskal-Wallis #; 46 ¥E 17 4 0] 22 F 4 ¥ . S P<<
0.05, WAy 25 5 1.3

% X

1 RBD-FcEAMRIEELERE
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E . ffi ] SDS-PAGE £ i J& A& 38 5 454 F %F
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R &M T W R 4 F & 20 65 kDa iy & 47, 1M

TE A R & T W)W 2% 3] 29 130 kDa Y £ 7,
Western Blot i 78 45 R 5 SDS -PAGE i I4
(& 1C),

El1l RBD-FcEBMERZESLE
A A FHRBD FeEAMNRER;B. 4L RBD-Fe & H 19 SDS-PAGE 40 #7 ;C. 41 RBD-Fc 2 H 1) Western Blot 43 #7 o

Figure 1

Expression and identification of RBD-Fc protein

Notes:A. Schematic diagram of construction of recombinant RBD-Fc¢ protein; B. SDS-PAGE analysis of recombinant RBD-Fc¢ protein;

C. Western Blot analysis of recombinant RBD-F¢ protein.
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3E) . 2 KA S Y 25 S iR RBD-Fe 2 A
4545 CpG A& A AL 45 44 7 2 43 W TEN -y AT TL-2 (1)
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Figure 2 Humoral immune response of mice induced by RBD-Fc vaccine
Notes: A. Serum IgG-binding antibody titer of mice 14 days after secondary immunization, the numbers above the bar graph represent the
geometric mean titers of each group and the multiples of increase or decrease in the geometric mean titers of each group compared to the
RBD-Fc+CpG+ Al group; B. Serum neutralizing antibody titer of mice 14 days after secondary immunization, the numbers above the bar
graph represent the geometric mean titers of each group and the multiples of increase or decrease in the geometric mean titers of each group
compared to the WT group; The error bar represents the geometric mean titers = 95% confidence interval; At the significance level a=

0.05, * means P << 0.05; ** means P < 0.01; *** means P << 0.001.
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Figure 3 Cellular immune response of mice induced by RBD-Fc vaccine

Notes: A~E. Specific stimulation with RBD-Fc; F~IJ. Specific stimulation with SARS-CoV-2 S protein peptide pool; A and F. The num-

ber of lymphocytes secreting IFN-y in mouse spleen; B and G. The number of lymphocytes secreting I1.-2 in mouse spleen; C and H. The

number of lymphocytes secreting IL-4 in mouse spleen; D and I. The ratio of IFN-y-secreting lymphocytes to IL.-4-secreting lymphocytes

in mouse spleen; E and J. The ratio of IL.-2-secreting lymphocytes to IL.-4-secreting lymphocytes in mouse spleen; The error bar repre-

sents the means = standard deviation; At the significance level @=0.05, * means P < 0.05; ** means P << 0.01; *** means P << 0.001.
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Enhanced Immune Response of Mice Induced by RBD -Fc Recombinant Protein
Combined with CpG-Aluminum Adjuvant

REN Hu”, HE Yuanwei”, ZHANG Yanan”, LI Hai', GUO Jinyuan', ZHANG Yan', ZHU Shuangli',
JI Tianjiao', CAO Lei", XU Wenbo"
(1. National Health Commission Key Laboratory of Medical Virology and Viral Diseases , National Institute for Viral Diseases Control and
Prevention , Chinese Center for Disease Control and Prevention, WHO WPRO Regional Reference Measles/Rubella Laboratory, Betjing 102206,
China; 2. Dongzhimen Hospital Affiliated to Beijing University of Chinese Medicine , Beijing 102206, China)

Abstract: The 2019 coronavirus disease (COVID - 19) pandemic caused by the severe acute respiratory
syndrome coronavirus 2 (SARS - CoV -2) poses a serious threat to global health and the economy. The
emergence of variants of concern (VOCs) in SARS-CoV-2 has made vaccine development more challenging.
Therefore, designing vaccines that can elicit a broad immune response against mutant strains is crucial. In this
study, the receptor - binding domain (RBD) protein, which contains dominant neutralizing epitopes, was
selected as the target antigen. The RBD sequence of the SARS-CoV-2 Wild-type (WT) strain was served as
the basis for introducing several key mutation sites of VOCs, and fused with human IgG1 Fc fragments. The
RBD-Fc protein was expressed and administered with either CpG single adjuvant, aluminum hydroxide single
adjuvant, or CpG combined with aluminum hydroxide adjuvant in two doses to mice. This study compared the
enhancement of cellular and humoral immune responses induced by CpG combined with aluminum hydroxide
adjuvant with those induced by aluminum or CpG adjuvant alone. The cross-neutralizing antibody titers against
live viruses of different VOCs were also observed. The results demonstrated that RBD-Fc protein combined
with CpG and aluminum hydroxide adjuvant induced the highest IgG binding antibodies and high-level of Thl-
biased cellular immune response in immunized mice compared to single adjuvant. Additionally, mouse serum
could effectively neutralize infections of SARS CoV-2 beta strain (GMT: 11143), Delta strain (GMT: 4850),
classic strain (GMT: 3675), and even Omicron BA.1 strain (GMT: 1393) and BA.5 strain (GMT: 459).
These results indicate that the SARS-CoV -2 RBD -Fc recombinant protein containing mutation sites has
excellent potential, and the combined use of CpG and aluminum adjuvant can significantly improve and balance
the cellular immune response of mice, produce cross-neutralizing antibodies against different SARS-CoV -2
varants with high titers, which can be further studied and developed as a broad-spectrum vaccine.
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