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combined with the Plasmodium berghei transgenic strain expressing Plasmodium falciparum circumsporozoite
protein (PfCSP, Pb-PfCSP) can be used to establish an evaluation model for PfCSP-based vaccines.
Methods AAD mice and C57BL/6] mice (6 to 8 weeks old, body weight 20 to 35 g, 4 mice per group) were
challenged with graded doses (200, 500, and 1 000) of Pb-PfCSP sporozoites and wild-type P. berghei (Pb)
sporozoites via tail vein injection. The susceptibility of the 2 mouse strains to Pb and Pb-PfCSP infection was
compared by monitoring the onset time of erythrocytic-stage parasitemia and the dynamic changes in
parasitemia levels. Flow cytometry was performed to analyze the frequency and absolute number of major
hepatic immune cell subsets in the 2 mouse strains, so as to preliminarily explore the potential mechanisms
underlying the differential susceptibility to malaria parasites. For vaccine efficacy evaluation, 4 AAD mice per
group were immunized with either CI-679-attenuated Pb-PfCSP sporozoite vaccine or LNP-encapsulated
mRNA vaccine encoding PfCSP (PfCSP@LNP), with unimmunized AAD mice as the control group. After
immunization, all mice were challenged with Pb-PfCSP sporozoites, and the protective efficacy was evaluated.
The frequency and number of CSP-specific tissue-resident memory T cells (Trm) in the liver were detected by
flow cytometry, and CSP-specific antibody titers in serum were measured by enzyme-linked immunosorbent
assay (ELISA). Results Pb-PfCSP sporozoites at all tested doses successfully infected both AAD and
C57BL/6) mice. Compared with C57BL/6] mice, AAD mice exhibited higher susceptibility to both Pb and Pb-
PfCSP infection, as evidenced by earlier onset of erythrocytic-stage parasitemia and significantly higher
parasitemia levels in the mid-stage of infection (P<0.05). Regardless of infection status, the frequency and
absolute number of hepatic natural killer T (NKT) cells in AAD mice were significantly lower than those in
C57BL/6] mice (P<0. 05), which might be one of the reasons for the increased susceptibility of AAD mice to
malaria parasite infection. After challenge with Pb-PfCSP sporozoites, PfCSP@LNP-immunized AAD mice
exhibited delayed erythrocytic-stage parasitemia onset compared with the control group, and detectable titers
of CSP-specific antibodies were observed in their serum; however, PfCSP-specific Trm cells were not detected
in the liver. Similarly, AAD mice immunized with the nitroquine-attenuated Pb-PfCSP sporozoite vaccine only
achieved a protective efficacy of 16.6%, and PfCSP-specific Trm cells were not detected either.
Conclusion The Pb-PfCSP-infected AAD mouse model can be used for evaluating the efficacy of PfCSP-
based vaccines in inducing CSP-specific antibody responses. However, this model requires further
optimization for assessing PfCSP-specific CD8" T cell response induction.
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Table 1 Major antibodies for flow cytometry

Cell types

Required flow cytometry antibodies

Naive CD4" T cell
Naive CD8" T cell
Naive NKT cell
Active CD4" T cell
Active CD8' T cell
Active NKT cell
PfPEN" Trm

L/D-APC-Cy7,CD3-BV510,CD4-FITC

L/D-APC-Cy7,CD3-BV510,CD8a-BV786

L/D-APC-Cy7,CD3-BV510,NKI1. 1-PE

L/D-APC-Cy7,CD3-BV510,CD4-APC,CD11a-FITC

L/D-APC-Cy7,CD3-BV510,CD8a-PerCPCy5. 5 CD11a-FITC

L/D-APC-Cy7,CD3-BV510,NK1. 1-PE,CD11a-FITC

L/D-APC-Cy7,CD3-BV510,BV786-CD8a, PE-CD69,CD44-BV421, Alexa Fluor 700-CD62L, PEN-APC




http://aammt. tmmu. edu. cn Py 2275 R 22731, 2026, 48(3)

287

REHS S 4 1 24 587 bp 8 PACSP JE M (K 1B) .

76 %5 AAD /)N BRI Ph-PCSP HUBK i, 38 1o 2
Jik R 5 S [R] B30 Pb-PCSP 10 T IR YL W A /N R, 45
J B Pb-PfCSP RE8 A UG C5TBL/6] /NS AAD
IR (E1C) . Hidr, Pb-PACSP 21 N I 7E AAD /)N LAY
B BB (B) AR A T CS7BL/6Y /N R T 1~2 d, #2758 AAD
/NERHE C57BLI6J /N B 5 S G it e, Sy i — 20 ik
SR — G, AR P R FIRSI . A5
/~, 5 C57BL/6) /N UM B, NI 79 Ph IS AAD /)N
SR AU ZE I B R R (B 1D) o J5 4k, DAARTR £
1+ (200 %% ) B4 Pb-SPZ Fll Pb-PfCSP 43 9 B i AAD Fi
C57BL/6) /NG , AAD /)N B HLIIUAE 7 8% 4 v 459 B
T C57BL/6) /NEL(P<0. 05, K 1E . F) ,{HE 3] T 5 i
THBRGKEIr — 8. Ik, AAD /N R
C57BL/6] /N, B 5 i i HUJsR g
2.2 AAD DR AE R k69 5 B T 48 5 L IE NKT

mpE A %

R T T AAD /N BRORHE TR H B 5 B SRR, R
U 2K 0 AR A ) R % e AAD /N BRUFT C57BL6T /)N BRUFF
I P =3 G 528 240 B P B H 5 0 (TR 2A~C) o 255 8

Q
© & w&%
% JE <
PR GNP
& S NG R
750 bp—
500 bp—
500 bp—
250 bp—
A B
30— Pb-200 SPZ o AAD
25 = -8 C57BL/6J
=
T 20
£
Q
% 15
©
©
a 10 -
5 -
1

—T T T T T T T
5 10 15
Days post infection/d

Days post infection/d

75, AAD /N B CD4" T T NKT 28 g 4 5 Fn i 14 /0 1
C57BL/6) /IR, {H )& CD8™ T 4l A £ i 5 0% — F K
LU 25 5% . i 200 Pb-PfCSP SPZ T it AAD /N
55 C57BL/6] /NEUR 44 b, R FH 3t X 490 L ARG D
LA P A ) B SRR (B 2D~F) o SRR, R
SR AAD /N B IFIE CD4™ T 40 g B0 i/ F CS7BL/6)J
ANER AR RN BB CD4" T 4 a3 %0 25 53 o4t 12
T 5 CD8 T 4 i Bl i 5 00 e A W /)N R 2 ] . 6 BH
25 SR, AAD /)N BRUAY NKT 4 i 550 A5, 15
F b F CSTBL/6) /N Rl o B 22, AR T Y 455 AR Po-
PfCSP-SPZ &Y AR RIS UE S, AAD /)N FRUFIIE A9 CD4T T
YA CDS™ T 4 AT H B & A Bl , 1 NKT 4 it
(B0 R AR 1 2. 3% /D F CSTBLI6) /INER, 3K 7 — 2
FE LR T AAD /NG J5 B ) 8
2.3 PfCSP@LNP mRNA J& % T # 5 AAD D = £
PRIk Fe 9% AL AR B R CSP 4 +1 CD8' Trm
FEDF AAD /N BURE A ] T35 2 51X PACSP 19t
RN CD8' T 4t i F 28 Ny 2%, AR 52 6 438 50 9 =8 2 il 4%
() PACSP@LNP mRNA ¥ 1 (1% % i [7] it 42 7 CSP 1y
B 2 1 3R F1 CD8™ T 4 it e 437 ) Sk B iikixX — i A2 . 45

P=0.017 o ARD °T . 227DBL/6J
— C57BL/6J b
74— ° 271
—  P=0.002 P=0.0004 3
6{o e ~— @ ~ @ 264 0 00
3
51@® L ] L] S5-ames o e
- 2
4 4 o - A a4 mee @@
3 T T T 3 T T T
200 500 1000 C 200 500 1000 D
Pb-PfCSP/SPZ PbISPZ
304 Pb-PCSP-200 SPZ
25 ] -8- AAD
2 -8 C57BL/6J
S 20
£
8
‘2 15
©
& 10
5
—— —r—— 1
0 5 10 15 20
Days post infection/d F

a:P<0. 05, b:P<0. 01, compared with C57BL/BJ mice at the same time
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Figure 1 Parasitemia progression in mouse strains infected with Pb-PfCSP or Pb parasites
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Figure 2 Changes in the frequency and number of immune cells in naive mice and Plasmodium infection models
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