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Objective Selects several options to design the mRNA vaccine against monkeypox virus,and completes its
expression identification and evaluation of its immune effect in mice. Methods Monkeypox (Mpox) is a zoonotic viral
disease caused by the monkeypox virus (MPXV) ,divided into type I and type II.the current outbreak of monkeypox out-
breaks are mainly caused by type IIb,although the branch of the type II has a lower virulence,but do not rule out the pos-
sibility of mutation,and now there is no monkeypox vaccine for immunisation against monkeypox virus for the general
population,leading to a general susceptibility of humans to the virus, resulting in monkeypox outbreaks of the This has led
to a global outbreak of monkeypox. Therefore.from the perspective of antigen design, this paper selects several options to
design the mRNA vaccine against monkeypox virus,and completes its expression identification and evaluation of its im-
mune effect in mice. Results Three groups of mRNA vaccines against monkeypox virus and one group of mRNA vac-
cines against poxvirus were successfully constructed. All four groups of vaccines were able to express antigenic proteins,
and the four groups of LNP-mRNAs vaccines were able to maintain a high level of specific antibodies at 84 d after immun-
isation. The LNP/mA291-H31-A35R vaccine group had the fastest specific antibody production time (day 28) and its
A,s, value was still greater than 2 on day 84 ,followed by the LNP/mA35R-Fc vaccine group,and lastly,among the three
groups of monkeypox vaccine candidates,the one with the longest time of onset of action and the lowest A,;, value was the
LNP/mMIR-A35R vaccine group,but its A,;, value was still greater than 1.  Conclusion The construction, expression
and identification of monkeypox virus mRNA vaccine were successfully completed,and the validation of different monkey-
pox virus antigen designs in this paper provides data support for the development of monkeypox vaccine in the future.
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Fig.1 The flow chart of the animal experiment
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Fig.3 Identification of recombinant plasmid
by double enzyme digestion
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Fig. 4 Linearization of recombinant plasmid
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%

v E R R AW '»f[: S 2024 4FE 3 A
Journal of Pathogen Biology Mar. 20:

5519 5 3 )
Vol. 19.No. 3

Wi

Mo 905 75 R s W IRV 7 1958 AR AR TE L 56 B
Yk F B a3 R T 1970 4RI E A K
B, TR L R Y P S R AR SR R B B R
IREAL R AE 19 K 90 B8 M A L A A SE . 2003 4E 5 H L TR
FE P AR LA SR & B Bl 0L B 2022 4E 5 AL £ A
WS R AT B R ARGE T 002 9 ] U B R S R
B B & SE , 2023 4E 9 H 15 H ExE D4
fR TR NS . H 2023 45 9 H 20 HEREBE M A
CREY G AT B, 2022-2023 4E 9 F 27 H 2 BRIK
Y MPXV AZUH 90 618,361 157 A BEM5 3 & 115
AMEFE., Ho, pEEYE MPXV A 1484, AL TS
i ] SR BB 2B B

T 95 7 B AL AE 43 3 T A 3 1190 L 2 A A o 8
T F 2w b 3 R pR g 1y, A T4 3¢ 1 Y,
HEFCETAR, SE B, 23K 00CH —F A it L
)0 0 PE B L KRR DL AR JE 7 R PR # (IMVA-
BND Ry SERE B & T AR & 8 K B g R T, ik
RZJG MR 7E NS A A %5 5 6 6e
FyE B T ORE VM A b A A s b HR
PRAPEI AT R A S, I B AT R T o S A 2

M7 o 27 ) JF A 6 25 28 AL A7 AE )2 /Y LY 2
2& S FVAZ R 1 ] — M o T LA A% 92 928 1 AT e ol 7
rh TR G At o s 7 R DT 0 0 i RE P R S BE AR .
TEPEV R RIE I E, mRNA B HAEE &K AEE
YLtk Y T 32 1 R FE A T SR A ) L A T AT
e, JFH IVT-mRNA B A= R T M. By 1k T
A R BUGEE M5 0%, mRNA P 18 454 M 06 1Y 3% 2% 28
PRFNAR R TUT- AT LAS A 9 BT A 1) 928 B[] B 3
REA S ML P2 A i 1 5 B S e B 2 L Rk T &
FAE P95 mRNA B 1A R T P & 4 FVA &L
T BF A P WA T RN K

AR E T 3 WS PR R 1 A5 E
PR S A 9 mRNA 27,8 WBLUIFA GFEB T 4l
#1 mRNA AT DU ) 3R 58 B b0 . 38 i 2% 1 0 e
PEFLEFN LG UEW] T A A DU Rl LNP/mRNAs %2 i g
AT T /I B N 77 A 3R T R A A YR A 5
B TR WA 5 B R R T R AT o A S
Wede mRNA R 1 A B 5 i 52 1 B Bg A B dis =2

[5% ikl

D10 SRHREE VR 7 0 M %8 005 5 2 08 157 19 07 5 305 R (1), 2 2

PR, 2022,50(5) : 1-5.

[2] Kozlov M. Monkeypox goes global: why scientists are on alert

[3]

[4]

(5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[J]. Nature,2022,606(7912):15-16.
A E N A A M T O S R L ] T
2022,38(5):1195-1205.
Alakunle E,Moens U, Nchinda G,et al. Monkeypox virus in Ni-
geria: Infection biology. epidemiology.and EEVolution[]J]. Viru-
ses.2020,12(11) :1257.
Bunge EM, Hoet B,Chen L,et al. The changing epidemiology of
human monkeypox a potential threatA systematic rEEView[ ]].
PLoS Negl Trop Dis,2022,16(2) :e0010141.
Hatmal MM, Al-Hatamleh MAI, Olaimat AN,et al. Comprehen-
sive literature rEEView of monkeypox[]J/OL]. Emerg Microbes
Infect,2022,11(1) :2600-2631.
Zhang N,Cheng X,Zhu Y,et al. Multi-valent mRNA vaccines a-
gainst monkeypox enveloped or mature viron surface antigens
demonstrate robust immune response and neutralizing activity
[J]. Sci China Life Sci,2023.1:1-13.
Bloch EM, Sullivan DJ , Shoham S,er al. The potential role of pas-
sive antibody-baed therapies as treatments for monkeypox[]].
mDBio,2022,13(6) :e0286222.
Chiu WL, Lin CL, Yang MH, et al. Vaccinia virus 4c (A26L) pro-
tein on intracellularmature virus binds to the extracellular cellular
matrix laminin[J]. J Virol,2007,81(5):2149-2157.
Matho MH, Schlossman A, Gilchuk IM,et al. Structure-function
characterization of three human antibodies targeting the vaccinia
virus adhesion molecule D8[J]. J Biol Chem,2018,293(1):390-
401.
Berhanu A, Wilson RL, Kirkwood-Watts DL, et al. Vaccination
of BALB/c mice with Escherichia coli-expressed vaccinia virus
proteins A27L,B5R,and D8L protects mice from lethal vaccinia
virus challenge[J]. ] Virol,2008,82(7):3517-3529.
MeclIntosh AA, Smith GL. Vaccinia virus glycoprotein A34R is
required for infectivity of extracellular enveloped virus[J]. ] Vir-
0l,1996,70(1) .272-281.
Chiu WL, Lin CL, Yang MH, et al. Vaccinia virus 4c (A26L)
protein on intracellular mature virus binds to the extracellular
cellular matrix laminin[J]. J Virol,2007,81(5):2149-2157.
Lin CL, Chung CS, Heine HG, et al. Vaccinia virus envelope
H3L protein binds to cell surface heparan sulfate and is impor-
tant for intracellular mature virion morphogenesis and virus in-
fection in vitro and in vivo[J]. J Virol,2000,74(7):3353-3365.
Huang Y,Mu L,Wang W. Monkeypox:epidemiology,pathogen-
esis.treatment and prEEVention[ J/OL]. Signal Transduct Tar-
get Ther,2022,7(1):373.
Hooper JW, Thompson E, Wilhelmsen C,et al. Smallpox DNA
vaccine protects nonhuman primates against lethal monkeypox
[J]. 1 Virol,2004,78(9) : 4433-4443.
Bloch EM, Sullivan DJ, Shoham S, et al. The Potential Role of
Passive Antibody-Based Therapies as Treatments for Monkey-
pox[J/OL]. mBio.2022,13(6):e0286222.
Golden JW,ZaitsEEVa M, Kapnick S,et al. Polyclonal antibody
cocktails generated using DNA vaccine technology protect in mu-
rine models of orthopoxvirus disease[ ] ]. Virol J,2011,8:441.
Tizuka I, Ami Y, Suzaki Y,et al. A single vaccination of nonhu-
man primates with highly attenuated smallpox vaccine, LC16m8,

provides long-term protection against monkeypox[J]. Jpn J In-



262 -

PE R OR AW F R &
Journal of Pathogen Biology

2024 4F 3 H 45 19 B4 31
Mar. 2024, Vol.19,No. 3

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

fect Dis,2017,70(4) :408-415.

Sanderson CM, Hollinshead M, Smith GL. The vaccinia virus

A27L protein is needed for the microtubule-dependent transport
of intracellular mature virus particles[J]. ] Gen Virol, 2000, 81
(Pt 1):47-58.

Tang J,Murtadha M, Schnell M, et al. Human T-cell responses
to vaccinia virus envelope proteins[J]. ] Virol, 2006, 80(20) :
10010-10020.

Hughes LJ, Goldstein J, Pohl J,et al. A highly specific mono-
clonal antibody against monkeypox virus detects the heparin
binding domain of A27[J]. Virology,2014,464-465:264-273.
Manes NP, Estep RD, Mottaz HM, et al.

teomics of human monkeypox and vaccinia intracellular mature

Comparative pro-

and extracellular enveloped virions []]. ] Proteome Res,2008,7
(3):960-968.

Franke CA,Wilson EM, Hruby DE. Use of a cell-free system to
identify the vaccinia virus LIR gene product as the major late
myristylated virion protein M25[J]. J Virol,1990,64(12) :5988-
5996.

Foo CH,Lou H, Whitbeck JC,et al. Vaccinia virus L1 binds to
cell surfaces and blocks virus entry independently of glycosamin-
oglycans[]]. Virology,2009,385(2):368-382.

da Fonseca FG, Wolffe EJ , Weisberg A, et al. Characterization of
the vaccinia virus H3L envelope protein:topology and posttrans-
lational membrane insertion via the C-terminal hydrophobic tail
[JJ. ] Virol,2000,74(16) : 7508-7517.

Lin CL, Chung CS, Heine HG, et al. Vaccinia virus envelope
H3L protein binds to cell surface heparan sulfate and is impor-
tant for intracellular mature virion morphogenesis and virus in-
fection in vitro and in vivo[ J]. J Virol,2000,74(7) :3353-3365.
Su HP, Singh K, Gittis AG,et al. The structure of the poxvirus
A33 protein rEEVeals a dimer of unique C-type lectin-like do-
mains[J]. J Virol,2010,84(5) :2502-2510.

Molteni C, Forni D, Cagliani R, et al. EEVolution of the or-
thopoxvirus core genome[ J/OL]. Virus Res,2022,323:198975.
Matho MH, Schlossman A,Meng X, et al. Structural and func-
tional characterization of Anti-A33 antibodies REEVeal a potent
cross-species orthopoxviruses neutralizer [ J ]. PLoS Pathog.
2015,11(9) :e1005148.

Mucker EM, Golden JW, Hammerbeck CD,et al. A nucleic acid-

based orthopoxvirus vaccine targeting the vaccinia virus L1,

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

A27,B5,and A33 proteins protects rabbits against lethal rabbit-
pox virus aerosol challenge [ J/OL]. ] Virol, 2022, 96 (3):
e0150421.

Wang Y, Yang K, Zhou H. Immunogenic proteins and potential
delivery platforms formpox virus vaccine dEEVelopment: A rap-
id rEEView[ J/OL]. Int ] Biol Macromol,2023:125515.

Sang Y. Zhang Z, Liu F, et al. Monkeypox virus quadrivalent
mRNA vaccine inducesimmune response and protects against
vaccinia virus[ J/OL]. Signal Transduct Target Ther, 2023, 8
(1):172.

Reed KD, Melski JW,Graham MB,et al. The detection of mon-
keypox in humans in the westerm hemisphere[ J/OL]. New En-
gl J Med,2004,350(4) :342-50.

Adamo S, Gao Y, Sekine T, et al. Memory profiles distinguish
cross-reactive and virus-specific T cell immunity to mpox[]J/
OL]. Cell Host Microbe,2023,31(6):928-936. e4.

Pittman PR, Hahn M, Lee HS, et al. Phase 3 efficacy trial of
modified vaccinia ankara as a vaccine against smallpox[J]. N
Engl ] Med,2019,381(20) :1897-1908.

Overton ET,Lawrence SJ,Wagner E,et al. Immunogenicity and
safety of three consecutive production lots of the non replicating
smallpox vaccine IMVA: a randomised, double blind, placebo
controlled phase IIT trial[J]. PLoS One,2018,13(4):e0195897.
Volz A, Sutter G. Modified vaccinia virus ankara: history, value
in basic research,and current perspectives for vaccine dEEVelop-
ment[J]. Adv Virus Res,2017,97:187-243.

Volkmann A, Williamson AL, Weidenthaler H,et al. The brigh-
ton collaboration standardized template for collection of key in-
formation for risk/benefit assessment of a modified vaccinia an-
kara (IMVA) vaccine platform[]J/OL]. Vaccine,2021,39(22):
3067-3080.

Rao AK, Petersen BW, Whitehill F, et al. Use of JYNNEOS
(smallpox and monkeypox vaccine, live, nonreplicating) for pre-
exposure vaccination of persons at risk for occupational exposure
to orthopoxviruses: recommendations of the advisory committee
on immunization practices-United States,2022[J/OL]. MMWR
Morb Mortal Wkly Rep,2022,71(22) .734-742.

He Q,Gao H, Tan D,et al. mRNA cancer vaccines: Advances,
trends and challenges[J]. Acta Pharm Sin B,2022,12(7) :2969-
2989.

(KR EHY 2023-10-13 [EEABHY 2024-01-06

TERERE RV RENERETETETVERVERE VLR RERETETENETENENE LWV NENERERETERERERE R R RERENENENE N RE R R RN e e v

(k3% 256 70)

[45]

[46]

[47]

(48]

[49]

[50]

Wif2 B, 5L, JERI S, 4. EV-D68 VP1 & 1YL ¥ 15 B b
O 32 22 1 S or SN BTN 2 0k ) ). b I S A A L 2020, 36
(15):1809-1813,1818.

Shi J, Huang X,Liu Q.et al. Identification of conserved neutrali-
zing linear epitopes within the VP1 protein of coxsackievirus A16
[J]. Vaccine,2013,31(17):2130-2136.

Gao F,Wang YP,Mao QY,et al. Enterovirus 71 viral capsid pro-
tein linear epitopes:identification and characterization[ J]. Virol
J.2012.9.26.

Samuelson A, Forsgren M, Sallberg M. Characterization of the
recognition site and diagnostic potential of an enterovirus group-
reactive monoclonal antibody [ ] ].

1995,2(3) :385-386.

Clin Diagn Lab Immunol,

Primorac D, Vrdoljak K, Brlek P,et al. Adaptive immune respon-
ses and immunity to SARS-CoV-2[]J]. Front Immunol,2022,13;
848582.

Bahrami AA, Bandehpour M, Kazemi B, et al. Assessment of a

poly-epitope candidate vaccine against Hepatitis B, C, and polio-
virus in interaction with monocyte-derived dendritic cells:an ex-
vivo study[J]. Hum Immunol,2020,81(5):218-227.

Tian YX.Jin WP, Wei ZN, et al. Identification of specific and
shared epitopes at the extreme N-terminal VP1 of coxsackievirus
A4,A2 and A5 by monoclonal antibodies[J]. Virus Res, 2023,
328:199074.

Zhang J,Jiang B, Xu M, et al. Identification of specific antigenic
epitope at N-terminal segment of enterovirus 71 (EV-71) VP1
protein and characterization of its use in recombinant form for
early diagnosis of EV-71 infection[J]. Virus Res,2014,189.248-
253.

Zhang H,Song Z,Yu H,et al. Genome-wide linear B-cell epitopes
of enterovirus 71 in a hand, foot and mouth disease ( HFMD)
population[J]. J Clin Virol,2018,105:41-48.

[F B#AY 2023-10-15 [f&E BHH#Y 2024-01-03



	2024-03

