[EARBIESIZS] 2023 4508 TR A B A2 BRER 22 A0 < S 43 #

2023 Fif DURA B 22 B R 2 4% TR IET « FHFB} (Katalin Karik® s
&« FH 2 (Drew Weissman), AR FZAA/ERZ EFIREAS 1 7 T R B, X 28k
PUEAFEL X COVID-19 (1975 A4 mRNA 25 B F R ORI RE . ARG HEAE 56 3 i
ARAGSCHRIAH St 5| SCHREEAT 734 o

— REERRIHT

Katalin Karik&#ll Drew Weissman &3 WOS & 3311 293 k&, HH, # 24

REMILI 1L, KOCHEE S AAWE 1R,

45
40
35
20
25
4 20

15

10

[,

0
1580 1985 1550 1995 2000 2005 2010 2015 2020 2025

HiREF

——SEHEX BEAREX
B 1 2023 i N RAFZFEREFREREH WOS K LFEHMH

FHOR FE IR 111 R R e sy IR 2352 BAUR, AT 54 Fh
W), Hodr, 4 BRFEAE Nature b, 3 55K EAE Science L.

H T Incites 4l B SUBTIN AN 5, $RALE ) 293 FIR ST 16 iR SCAE
SETZ A R LR AR 277 RS ) 10 A~ ESI A RFRTIER %5 418 S %
B JJR M AHMEF , SRRFAAERZE Y, 43y SRy EYMEMNLT.
G IREE % AR5 R UR TR R W S RS0 76.45%, Ho

2 22 S g P 2R AR R YA 5] ik 217.26 IR
k12023 N RAEFRESFEFRLE LB EFAHRI 0N RN

EST 251 s ?s?z:?zl %i’/ﬂ SRS SFi’/SIF ﬁlfz‘ﬁﬁ 1%
PR | &5 SIS Srhe HIB3C

Immunology 65 6491 | 99.86 4.79 57.05 11

Pharmacology & Toxicology 19 4128 | 217.26 8.89 71.97

Biology & Biochemistry 52 3137 | 60.37 2.88 62.6

Clinical Medicine 71 2922 | 41.15 4.62 50.43




Microbiology 17 1397 | 82.18 5.79 71.86 5
Molecular Biology & Genetics 14 820 58.57 1.56 55.75 0
Neuroscience & Behavior 12 447 37.25 0.52 31.95 0
Materials Science 7 189 27 3.14 61.32 2
Multidisciplinary 9 181 20.11 3.05 36.87 1
Chemistry 1 149 13.55 3.45 54.54 1

T Incites 204 JF B8 5 I [RI S, 141 55 it DR 3AH 56 /e S A 106

WA T, & 9 AN ESI

FR %Mﬂ%I%%L%&

k2 2023 Fip N RALFREFEADRX AL LG FA R0 KL
BST 27 B W? R #ﬂﬂ?%% ?%E‘ ﬁ%ﬁw%
Bk | 5l EIDS- 2V srhe HIR3C
Immunology 30 3940 | 131.33 7.16 56.96 7
Clinical Medicine 29 1704 | 58.76 8.05 56.79 8
Biology & Biochemistry 14 1301 | 92.93 5.63 84.31 3
Pharmacology & Toxicology 11 1025 | 93.18 6.73 84.53 3
Microbiology 10 952 95.2 5.82 73.29 3
Molecular Biology & Genetics 4 204 51 2.13 69.03 0
Multidisciplinary 1 146 146 5.79 97.53 0
Materials Science 4 97 24.25 2.99 64.92 1
Chemistry 3 38 12.67 7.79 85.9 1

AN 110 R AR 5% SR ) A B O BRI BEAT TR SR T, A5 3 1 S B ]
W 2, FEHEAE

IV

({ﬂt l IUI:]]

broz 1(|therapeut1cs

SCU
pcells lnfe

wuwmllun

DNA PKR

translation

inflammation ;

capacity

“expression:

stem-cells

deli

-therapy

lipid nanoparticles(32) .

douridi

UG-

VCI

immun 0ge nic I|\

ction

nucleoside modification:s

toll-like receptors

OSPCe

transport

guinea- p]gs
llpld mnnpam(

in-vivo
1N € efficacy. |

dendrltlc cells
mRNA vaccine

pseudouridine(16)

vaccines(14). delivery(12). mRNA(12). expression(11). infection(9)%%. ik 2

antibodies
inhibition

sirategies gene-transfer

in-vitro

lymphocytes g immune-responses

potecion - VACCINES mijce*
“PrvAMRNA

messenger-RNA

B 2 2023 SFiE N RAEF R EFE AKX T LK 5 I £ 42155 =



. HESKHESI SCER T
A ZE 20234 11 H 1 H, Katalin Karik&F1 Drew Weissman F£] 111 s i 2241
KO TR 5,668 Fie Lol H, &gl 9,799 Ik, FHIIH 5] 88.28 k. MAEK
KE, iG] CERE R K, 2005 FAX 4 . 2020 fF A 1717 o A
SCER AP ATAE 112 N ES X fEA 28— E, SURETL 2,223 47 ; a2
(950 j@ ) fEE (619 ).
it 51 SCRRPE I (I ST AR LG 12 s FRANV S B AR IRIE 2L RIS F R, it 5]
SCHR ARG HY 5 U8 22 32 R OC B ST 783 R, T THI AN [ A B 40 AT I A O
Jiti 51 SRR -
1. RXFEESA
FHOCHE 5| SCHk B 2 4F B, i 3 A, 2005 4F 1 4%, 2022 &k
214 35 .

w A e e
B
250
214
200
150

100

50

0 e
2005 2010 2015 2020 2025

B 3 2023 SFiE N RAMF R EFRANL 5] LHKSF L2

2. RXCTIaA
783 Ji AH R 51 STHR 3 A £E 293 BT, R SCHLZS 1 20 I T8 AH 9% 18 3
299 j% . A ERAH IR IR S 38.19%. TOP 20 1 LK 4.



JOURNAL OF CONTROLLED RELEASE 29

MOLECULAR THERAPY 27
PHARMACE UTICS 25
NATURE COMMUNICATIONS 23
MOLECULAR THERAPY NUCLEIC ACIDS 21
VACCINES 20
_"E:H IFIJ % ﬁ'\' FRONTIERS IN IMMUNOLOGY 20
MPJ VACCINES rreeeeee— ]
ACSNANO e 14
NUCLEIC ACIDS RESEARCH 13
SCIENTIFIC REPORTS e 10
SCIENCE ADVANCES e 10
MOLECULAR THERAPY METHODS CLINICAL DEVELOPMENT [ -ﬁ:\' I %ﬁ

ADVANCED MATERIALS [

ACCOUNTS OF CHEMICAL RESEARCH e 10
MANO LETTERS ——
MOLECULAR PHARMACEUTICS e
ADVANCED DRUG DELIVERY REVIEWS g

VACCINE — g
NATURE — g
0 5 10 15 20 25 30

B 4 2023 5N RAEFREFEANKS] LARB T4 (TOP 20)
3. RIHLHSAE
783 R S Ak 56 NMEIKMIX, Horb, dr EAEE 2 5 A O 5| SR
it 138 4R, W =5 R TR ENIA A 5 s

20 13 B —
18 Lﬁiﬁ
16
14 12
12 11 11
10 2 g 8
g 6 6 6 6 6
6 5 s
a
| EREERRE NN
0
2 # 2 # P . e
K -@’;& & o & &*& @"*@ SN J&ﬁ ri @f“?’% SF
A S S R A S O &
5 ® 25 K
Y& %3 o
52 i
oo 3
%* ol
@*é?
&

B 5 2023 FiE N RARFREFEALET] AP KL =5 097 B
4. BIXFEBEIES A
JLT Citation Topics % M AT, 783 s AHIE MU S K 5 ANk, £
£ 7E Clinical & Life Sciences(398 7, i 50.83%). Chemistry (342 s, i 43.68%)
PRSI .
FEEE 250 138 Mg K& 3 Misk: FEEFLE Clinical & Life



Sciences (78 5, 15 56.52%). Chemistry (47 i, 5 34.06%) R /™47t .

J£F Citation Topics - WA, 783 J AH ¢ T U 718 5L & 70 /N H A4
1, FELEJLE Polymers & Macromolecules (164 &5, 5 20.95%). Nucleic Acids
Chemistry (151 %5, 5 19.28%) #1 Immunology (134 &5, 5 17.11%) £

FhEEE S5 138 Fie S0 & 27 AN 4k, FELEHTE Immunology

(35 %4, i 25.36%). Nucleic Acids Chemistry (23 &, /5 16.67%) F1 Polymers

& Macromolecules (23 5%, 7 16.67%) 540K,

$£F Citation Topics I 404, 783 e AH A FL 18 3L K 133 AMOWL 4k ,
FHEEFTE Gene Delivery (161 &, 15 20.56% ). Ribosome (104 i, 5 13.28%).
Dendritic Cells (86 f, 15 10.98%) 54535,

FEEEZ 51 138 FiP I 40 M4k, 3: Z4E TP 7E Dendritic Cells (23
%, 7 16.67%). Gene Delivery (23 %, 5 16.67%)#1 Ribosome (16 3, 5 11.59%)

A o

EREHEERY, HE S 5 ARG IS EER AR SR ST 51 5 32 A L

KREFA

5. RAKFRICER DA
HASRHE 51 Sk, A KRS0 66 e, R s B 65 5, vl

St P

WX 7 ks 66 5 =

=/,
i

M) ) R L L

KPRIP AT EIEES 50017 6 K. K 3 2R/K eI
SRR EEE S 51808 1 ESI AR & H iR

%3203 g N RAMFZREFLANE T A5 LA P HKF )2 EFAR S Y £

ESI 2%} WXH BIIHX REE | ERAEAR | Q1 HTIH
(Gpk/E) | (BEk/hE) | (EE/RE) | BISCRmA i1}79'8
(A=3k/H ) (4=ER/ )
Clinical Medicine 15/2 11973/274 798.2/137 76.33/12.38 14/2
Molecular Biology & Genetics 10/3 2829/454 | 282.9/151.33 11.22/11.24 10/3
Immunology 8/0 2242/0 280.25/0 22.83/0 6/0
Materials Science 6/0 2083/0 347.17/0 11.61/0 6/0
Pharmacology & Toxicology 111 1946/28 176.91/28 15.69/5.47 9/1
Biology & Biochemistry 9/0 1267/0 140.78/0 11.73/0 9/0
Multidisciplinary 2/0 1240/0 620/0 33.19/0 2/0
Microbiology 2/0 675/0 337.5/0 20.02/0 2/0
Chemistry 2/0 169/0 84.5/0 10.05/0 2/0
Plant & Animal Science 1/0 101/0 101/0 8.13/0 1/0
6. RPKHEFA

L 783 et 51 SCHR OSSR AT IR A i 15 B MO

B A

lipid nanoparticles(230) .

pseudouridine(177)

expression(109) .

delivery(107). vaccines(105). in-vivo(103). mRNA(93)%:, & 6 . XfHb3k




B HE AR SCHRIT AR A AT, o] R 3 BIRT 7 A s A 6 AN AR R ME—
AN 5 3] 2 it 5| STk A R in-vivo R3S ek ) infection.
enhances translation
~—3Ctlvation” d 1
recogmtlon CLIVET y
1 RIG- mRNA De lvery capacity

lmlCehpld nanopartlclescmm‘

hton 4. Lmmune-responses

translatlon
°% “mRNA

SiZE inosin lmlI]UI]OgCHlLlT\

. . . challeng N
reveals = nucleoside modifications . gene-therapy

HHII'IHI'\:IHI\'I'EI\I ‘e

press [
“mRNA vaccine . dm.‘}}l‘?.ﬁﬁ‘?“geh&%

eficient | VaCCIHeS ls aled
“WWWS(X)\HI)_19~Mmmmm“~

B 6 2023 FiE N RAEFFREFEANL M43 Lok Z MK w918 =

=\ HRFEEEEM IR
Katalin Karik &A1 Drew Weissman f) 111 55402 3 BUCCHk P 16 Fa mwis] it
3, 3R, AiF 16 FE AR, b 14.41%. 111 R ARG 38R
bl 51 R SR R IE 1265 I, KR T 2005 4. LR #ER ESI mK TR e e
WS B SCER AR (Rt 1 PR B Fe 91D
1. Karikd K, Buckstein M, Ni H P, et al. Suppression of RNA recognition by

mouse

Toll-like receptors: The impact of nucleoside modification and the evolutionary
origin of RNA[J]. Immunity, 2005, 23(2): 165-175.

2. Sahin U, Muik A, Derhovanessian E, et al. COVID-19 vaccine BNT162b1 elicits
human antibody and TH1 T cell responses[J]. Nature, 2020, 586(7830):594-599.

3. Karikd6K, Muramatsu H, Welsh F A, et al. Incorporation of Pseudouridine Into
MRNA Yields Superior Nonimmunogenic Vector With Increased Translational
Capacity and Biological Stability[J]. Molecular Therapy, 2008, 16(11):
1833-1840.

4. Pardi N, Hogan M J, Pelc R S, et al. Zika virus protection by a single low-dose
nucleoside-modified MRNA vaccination[J]. Nature, 2017, 543(7644): 248-251.


https://www.sciencedirect.com/science/article/pii/S1074761305002116
https://www.sciencedirect.com/science/article/pii/S1074761305002116
https://www.sciencedirect.com/science/article/pii/S1074761305002116
https://www.nature.com/articles/s41586-020-2814-7
https://www.nature.com/articles/s41586-020-2814-7
https://www.sciencedirect.com/science/article/pii/S1525001616326818
https://www.sciencedirect.com/science/article/pii/S1525001616326818
https://www.sciencedirect.com/science/article/pii/S1525001616326818
https://www.nature.com/articles/nature21428
https://www.nature.com/articles/nature21428

10.

11.

12.

13.

14.

15.

Pardi N, Tuyishime S, Muramatsu H, et al. Expression kinetics of nucleosi
de-modified mRNA delivered in lipid nanoparticles to mice by various rout
es[J]. Journal of Controlled Release, 2015, 217: 345-351.

Karikd K, Muramatsu H, Ludwig J, et al. Generating the optimal mRNA f
or therapy: HPLC purification eliminates immune activation and improves t
ranslation of nucleoside-modified, protein-encoding mRNA[J]. Nucleic Acids
Research, 2011, 39(21) (2011-09-02) [2023-12-12].https://doi.org/10.1093/na
r/gkr695.

Sahin U, Muik A, Vogler I, et al. BNT162b2 vaccine induces neutralizing
antibodies and poly-specific T cells in humans[J]. Nature, 2021, 595(7868):
572-577.

Chaudhary N, Weissman D, Whitehead K A. mRNA vaccines for infectious
diseases: principles, delivery and clinical translation[J]. Nature Reviews Drug
Discovery, 2021, 20(11): 817-838.

Anderson B R, Muramatsu H, Nallagatla S R, et al. Incorporation of
pseudouridine into MRNA enhances translation by diminishing PKR activation[J].
Nucleic Acids Research, 2010, 38(17): 5884-5892.

Pardi N, Hogan M J, Naradikian M S, et al. Nucleoside-modified mMRNA vaccines
induce potent T follicular helper and germinal center B cell responses[J]. Journal
of Experimental Medicine, 2018, 215(6): 1571-1588.

Buschmann M D, Carrasco M J, Alishetty S, et al. Nanomaterial Delivery
Systems for mRNA Vaccines[J]. Vaccines, 2021, 9(1).65; (2021-01-19) [202
3-12-12] https://doi.org/10.3390/vaccines9010065.

Rurik J G, Tomb&z |, Yadegari A, et al. CAR T cells produced in vivo to treat
cardiac injury[J]. Science, 2022, 375(6576): 91-96.

Pardi N, Secreto A J, Shan X C, et al. Administration of nucleoside-modif
ied mMRNA encoding broadly neutralizing antibody protects humanized mice
from HIV-1 challenge[J]. Nature Communications, 2017, 8. (2017-03-02)
[2023-12-12]. https://www.nature.com/articles/ncomms14630.

Pardi N, Hogan M J, Weissman D. Recent advances in mRNA vaccine
technology[J]. Current Opinion in Immunology, 2020, 65: 14-20.

Karikd K, Muramatsu H, Keller J M, et al. Increased Erythropoiesis in Mice
Injected With Submicrogram Quantities of Pseudouridine-containing mRNA
Encoding Erythropoietin[J]. Molecular Therapy, 2012, 20(5): 948-953.


https://www.sciencedirect.com/science/article/pii/S0168365915300535?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168365915300535?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168365915300535?via%3Dihub
https://academic.oup.com/nar/article/39/21/e142/1104771?login=true
https://academic.oup.com/nar/article/39/21/e142/1104771?login=true
https://academic.oup.com/nar/article/39/21/e142/1104771?login=true
https://www.nature.com/articles/s41586-021-03653-6
https://www.nature.com/articles/s41586-021-03653-6
https://www.nature.com/articles/s41573-021-00283-5
https://www.nature.com/articles/s41573-021-00283-5
https://academic.oup.com/nar/article/38/17/5884/1031556?login=true
https://academic.oup.com/nar/article/38/17/5884/1031556?login=true
https://rupress.org/jem/article/215/6/1571/42397/Nucleoside-modified-mRNA-vaccines-induce-potent-T
https://rupress.org/jem/article/215/6/1571/42397/Nucleoside-modified-mRNA-vaccines-induce-potent-T
https://www.mdpi.com/2076-393X/9/1/65
https://www.mdpi.com/2076-393X/9/1/65
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9983611/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9983611/
https://www.nature.com/articles/ncomms14630
https://www.nature.com/articles/ncomms14630
https://www.nature.com/articles/ncomms14630
https://www.sciencedirect.com/science/article/pii/S0952791520300108
https://www.sciencedirect.com/science/article/pii/S0952791520300108
https://www.sciencedirect.com/science/article/pii/S1525001616319347
https://www.sciencedirect.com/science/article/pii/S1525001616319347
https://www.sciencedirect.com/science/article/pii/S1525001616319347

16. Laczkdé D, Hogan M J, Toulmin S A, et al. A Single Immunization with
Nucleoside-Modified mRNA Vaccines Elicits Strong Cellular and Humoral
Immune Responses against SARS-CoV-2 in Mice[J]. Immunity, 2020, 53(4):
724-732.

17. Anderson B R, Muramatsu H, Jha B K, et al. Nucleoside modifications in RNA
limit activation of 2'-5'-oligoadenylate synthetase and increase resistance to
cleavage by RNase L[J]. Nucleic Acids Research, 2011, 39(21): 9329-9338.

18. Alameh M G, Tomb&z I, Bettini E, et al. Lipid nanoparticles enhance the efficacy
of mRNA and protein subunit vaccines by inducing robust T follicular helper cell
and humoral responses[J]. Immunity, 2021, 54(12): 2877-2892.

19. Stadler C R, B&r-Mahmud H, Celik L, et al. Elimination of large tumors in mice
by mRNA-encoded bispecific antibodies[J]. Nature Medicine, 2017, 23(7):
815-817.

20. Pardi N, Parkhouse K, Kirkpatrick E, et al. Nucleoside-modified mRNA im
munization elicits influenza virus hemagglutinin stalk-specific antibodies[J].
Nature Communications, 2018, 9. (2018-08-22) [2023-12-12].https://www.nat
ure.com/articles/s41467-018-05482-0.
1L =02 A) | BN
783 R AH I LRI 5] SCER IR E A 5118 SC 65 R, S IESC 7 RS (ESI 2023 £

9 H M), R ERWT:

1. Hou X C, Zaks T, Langer R,et al. Lipid nanoparticles for mRNA delivery[J].
Nature Reviews Materials, 2021, 6(12): 1078-1094.

2. Thomas S J, Moreira E D, Kitchin N, et al. Safety and Efficacy of the BNT162b2
mMRNA Covid-19 Vaccine through 6 Months[J]. New England Journal of
Medicine, 2021, 385(19): 1761-1773.

3. Chaudhary N, Weissman D, Whitehead K A. mRNA vaccines for infectious
diseases: principles, delivery and clinical translation[J]. Nature Reviews Drug
Discovery, 2021, 20(11): 817-838.

4. Rurik J G, Tomb&z |, Yadegari A, et al. CAR T cells produced in vivo to treat
cardiac injury[J]. Science, 2022, 375(6576): 91-96.

5. Albertsen C H, Kulkarni J A, Witzigmann D, et al. The role of lipid com
ponents in lipid nanoparticles for vaccines and gene therapy[J]. Advanced
Drug Delivery Reviews, 2022, 188. (2022-09) [2023-12-12].https://doi.org/10.
1016/j.addr.2022.114416.


https://www.sciencedirect.com/science/article/pii/S1074761320303265
https://www.sciencedirect.com/science/article/pii/S1074761320303265
https://www.sciencedirect.com/science/article/pii/S1074761320303265
https://academic.oup.com/nar/article/39/21/9329/1093548?login=true
https://academic.oup.com/nar/article/39/21/9329/1093548?login=true
https://academic.oup.com/nar/article/39/21/9329/1093548?login=true
https://www.sciencedirect.com/science/article/pii/S1074761321004908
https://www.sciencedirect.com/science/article/pii/S1074761321004908
https://www.sciencedirect.com/science/article/pii/S1074761321004908
https://www.nature.com/articles/nm.4356
https://www.nature.com/articles/nm.4356
https://www.nature.com/articles/s41467-018-05482-0
https://www.nature.com/articles/s41467-018-05482-0
https://www.nature.com/articles/s41578-021-00358-0
https://www.nejm.org/doi/10.1056/NEJMoa2110345
https://www.nejm.org/doi/10.1056/NEJMoa2110345
https://www.nature.com/articles/s41573-021-00283-5
https://www.nature.com/articles/s41573-021-00283-5
https://www.science.org/doi/10.1126/science.abm0594
https://www.science.org/doi/10.1126/science.abm0594
https://www.sciencedirect.com/science/article/pii/S0169409X22003064
https://www.sciencedirect.com/science/article/pii/S0169409X22003064
https://doi.org/10.1016/j.addr.2022.114416
https://doi.org/10.1016/j.addr.2022.114416

6. Huang X G, Kong N, Zhang X C, et al. The landscape of mMRNA nanomedicine[J].
Nature Medicine, 2022, 28(11): 2273-2287.

7. Arevalo C P, Bolton M J, Le Sage V, et al. A multivalent nucleoside-modified
mRNA vaccine against all known influenza virus subtypes[J]. Science, 2022,
378(6622): 899-904.

G KR WA VEHE XUB


https://www.nature.com/articles/s41591-022-02061-1
https://www.science.org/doi/10.1126/science.abm0271
https://www.science.org/doi/10.1126/science.abm0271

