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Abstract Animal models are essential for clinical medical research and new drug discovery. While the

mouse model remains a primary animal model, recent evidence has highlighted its limitations in accurately reflect-
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ing human diseases. The development of alternative animal models is critical to overcome these obstacles in a vari-

ety of fields. Golden hamsters (Syrian hamsters) emerge as superior models for human disease studies in areas like

reproduction, oncology, virology, lipid metabolism and cardiovascular diseases, due to their closer alignment with

human gene expression patterns compared to mice. The advancement of gene editing techniques has further ex-

panded the utility of golden hamsters as models for a range of human diseases. This review focuses on reproductive

medicine, lipid metabolism and cardiovascular diseases, infectious diseases, and oncology, with an emphasis on the

use of gene-edited golden hamsters in medical research to enhance the understanding of the role of genes in human

health and diseases.
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Table 1 Comparison of reproductive physiological characteristics between golden hamsters and mice

RHIE £y gy /INER,
Characteristics Golden hamster Mice
Sexual maturity 6 to 8 weeks 6 to 8 weeks
Mating age

Female 7 to 8 weeks 8 weeks

Male 9 to 10 weeks 10 weeks
Estrous cycle 4 days (stable) 4 to 5 days

Duration of pregnancy
Weaning age

Litters per female
Estrous after parturition
Little size

Reproductive period

15 to 17 days

18 to 21 days

5 to 8 litters
Yes, 6 to 8 hours
6to 15

19 to 21 days

19 to 21days

2 to 8 litters
Yes, 6 to 8 hours
S5to 10

Female 8 to 10 months 8 to 10 months
Male 12 to 14 months 12 to 14 moths
Body weight 160t0 220 g 30to40 g
Life span 2.5to 3 year 1.5 to 2.5 years
Light-dark cycles 14 h:10 h 12h:12h
Chromosome number 22 20
Superovulation of oocytes per female 50-60 oocytes 20-30 oocytes
Mating method (female:male) 1:1 1:220r1:1
Mating time The male hamster must be removed after mating in five days, otherwise the ~ Mating for a long period
female is likely to injure the male
Coagulating gland No Yes
Vaginal plug after mating No Yes
Detection after mating Check sperms with microscope Check the vaginal plug
The effect of light on embryonic devel-  Developmental arrest due to white light, need red light for culture No effect
opment
Microinjection environment Red light White light

Fic o 7 AR S - i FRO~ 105, M FRL7~8 1 ; 8 Ay e
HECIFXT B E BRI B E G, SRNRIUHHER,
DTG S e BRLIE PR A BR , 4O BRI A R B A L
FLEM BRI, A 16K A0 HCIE & 72 ME B 5
4RI b, ARG R AR ARG RS 1R 1)
2:00~13:00, FEfEF=AFHCNI~16 K o & o B 7L
W5 XANRAEL, N19-21K. &HORNEEIEE
SRR, ER T IES S MR ACE TR, A
A e ME R 2 4
EHARPIRDNT/ARMKR 20, R4
HO RSB N 180~22077 , 7E5256 & 5 T4 7% .
AR, KR AR T SE CRNE R, BFRL
8 EE N BH =14 h:10 h.
12 £2ECRASTEEEFhIARAE
SR TR FEIHIRIG R B0 T 19634,
H A YANAGIMACHIS HiIE | 4658 6 B AR 4k

2 (in vitro fertilization, IVF), iX & NFRAFEW AL H,
TR DIIE S LIRS TR AN D) 32 HG . X — K
P 5 2 N B AR B R AE I R _E 1) 8 R e B8
JE 7RSI, BE)S, HANADASE M et —20
oo T VALK 75 SR 40 M Rl S SV PR R A A 2
AU, RN RS R AL T Ik Ak,
S AR E A B @R A, et TR
B & BA R 5 AR A A8 B ) S A 5T

VE i A TR IR I SE 5 s, &0
FERE FIESTOT T b R 45 T HBAEH . 19764, H
A UEHARAZE B1g YA ds , i v ok B B 52 5k
RS, AT LA 4 B0 5RO 2 i TR Bl I 1 e
JR A% R S5 A% o 3K — R I OF M TR N RS i S
(intracyto-plasmic sperm injection, ICSI)7E HAth I FL 5]
YRR R S AR AL T s . FE T, ICST
FOR O RN FVEA B B R B 2k T B
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FORBVRE . /N BREE RS AR 2 1) il e 45 2
7N SRV T 0 L 11 2 AR T 20 i B 1) AR ) 87
1245 RIE, MARA T &4 WU IE T 20 f ) 4hoE
= S0 BRI T 20 B [RIRE R ) 1 S RRARLIsE 4% T
P4 im0 B R 5 R H

CRISPR/CASOZE A i+ R IR J& , Fisife T
TR T O BB A A Rk 1B, X — i Ar i
FEARCIIN AT /AR KR . RKBELZH
BB 20144F, 36 A 37 K FANSE P H
CRISPR/CASYJF % B E I HAR , Thf i 7 45
A5 B STAT2. KCNQIRI PPPIR12CH: A )4 B st
R O SR S A S R (R A AL IR AR 37 BE
T3, 20174, H A HIROSEWT 782 "% ] CAS9
RS 45 G 4 U0 AR ROR , ICTh R T T R Tl i
R o, HEME AahBn. LERE
T R AR 4 0 B DR g R R AT AN B
R, AR IMRE R R A g

AT BRI 2 SRR A A U PR S . 52K DR Ak o
BRI AR i < ZAm i A B BH DAL Y R AR AT
FOAR B, B PH TR R AR AE 6 2800 B 1) B FH AT
TGP . AT, 4200 B 2k DR 20 2 i 20036 i A
A5/ KB AN R S5 HAth 2 ) AH 0

N T TR LI, FAT S5 = ALK CRISPR/CAS9
&0 RN g 75, 857 T CRISPR/CAS9ZE A
4 VR i — 4 M S e S R (3R 2) . P Z LR,
FRINF L HE IR L BRI i DR B A 2 R Y
AT i ok 4 2800 BRU S 2 Pt A% AR 0 BB,
WA TR G20 BRI KRS B85 1 R S kAt
1.3 EHRCREREAZELEETHINA
ANFAANE R ™ A N R AR i i AT A 2>
P o RMIB AL AL 72 T 80 7 K A2 A0 IR G
BREREEEZ —, MIEgmiS RNATE T RS
FEEEC T R ARG R B RN 4 1A B = 27 s
FTEREE U2, o 18~32 ntff 5 PIWIAH H.AE H
/N3 T RNA(PIWI-interacting RNA, piRNA)/ERL T &
AR RIS R E A AT D Rel e,
piRNAE —F K Eh 18~32 ntff) RNA, {ERC
TR A AR iR B R HE A OGS IR AR
Mo VEREZE R FRUEAE R H T, piRNAREIEIT
BRI R 20 #% B2 [K] T (transposable element, TE), X 4
R A 24 i 5 R A ) R 1 AN o R M R AR AR
R 220 BT A I 20 M 0 BRI E A
JRZ5 T piRNAM A= s AT 5 16221, K 2 0 3,
MY(EFEEE R KRB BT A, U
JeAE R WG Ui sh W) FE R 40, 3655 4Fh PIWIEE A
(PIWIL1~PIWIL4), i/ SRATK B Sk PIWIL3M (R
3)o Piwil37EMEVE AR FEAH M A Re R 1 Rk, AR H At
AR B AR A 19 18~21 nti] PIWIL3-piRNAI'S3,
piRNA VA5 B X sh W R K & 0w, H

R cERCRHEMEERERRBERARNL R

Table 2 Development of assisted reproduction and gene editing technologies in golden hamster”

4 (2N

Year Techonology

1963 IVF using in vitro capacitated spermatozoa

1972 Interspecific IVF using zona-free oocytes (hamster test)
1976 ICSI using epididymal spermatozoa

1988 Development of hamster embryo culture medium lacking

glucose and phosphate

1992 Birth of live pups following IVF

1993 Fertilization of oocytes with round spermatids

1999 Vitrification of embryos

2002 Birth of pups following ICSI

2004 Birth of pups following ROSI

2014 Gene targeting by pronucleus microinjection with CRISPR/CAS9
2017 Genome editing via oviductal nucleic acid delivery, i-GONAD

2021 Gene targeting by two-cell embryo microinjection with CRISPR/CAS9
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Table 3 PIWI gene in mammals

E~30| A SR K /MR R MES R B2

Gene Human Golden hamster Rat, mice Pig, monkey, dog Whales

PIWIL1 Yes Yes Yes Yes Yes

PIWIL2 Yes Yes Yes Yes Yes

PIWIL3 Yes Yes No Yes Yes

PIWIL4 Yes Yes Yes Yes Yes

W, PR S R RRE . MEVE AR TE R B Y
W H Tz i U2, N piRNAAMH % A PNLDC1 .
MOVI10L1. PIWIL1ZAT] 5] k. Tk, A
MSHBEAEF L, R0, /N RS F piRNA-PIWI
1A %A DG DR AR AR 5| R EPE A B 20, L% ]
I B 3N PIWEEE R R 1 /N BR AR R AR B sk
L I T, /N BRI i P T 18 2 PiwidE HIE
72 piRNA [ 2H B 28 B R 3R T8 REAE LR 0 FL 2 4 v 35
AN FAREENE, XLegE UL 1/ AR/ piRNA-
PIWIHFFLHH ()R PR o v 1 BE 4 i Hu 3 £ piRNA
TEMGFLANPIME I A TR I, 77 2 — i L
T FLE ISR, N4 s O RS, DAR LS TR
IR R

20214F, EAMPAS IR S5 FRATT 9256 58 ] I
T8 [ 420 B pIRNAGR S AEE B B A A mT Bk 1)
Ihfg, Piwill 5 Mov1OL1AFH 4 S 8RS T K E
PSRFIAE , 1 R 4l AR B A U 1)
S R Piwil3RFR , A G REHEYE AR F ) R 1T,
TE 4 AR A | H piRNAR RS L5 N EARL,
BATHF TR DL, 24 piRNAE B A ) 54 I IR B et
I, T AP () AR T 52 B 1 E RS, X4
REAEM AN PIF R — 8. [N, ZXONRAN
HFF piRNAHE 7 /5 55 )47 DR 41 i & A AR I i
RE D Re LR AL TR R, oI K
B T kiR L T EE RSP

piRNA-PIW I 7E A [F] W AL 28 sh 4 v (1) D) Re A7
TR 35 225, &8 0 WU BRI R IEAG P I piRN AR
FE(19. 23H129 nt) R BEFRIL . XL piRNAZH
X N PIWIL145 4 923 nt/29 nt piRNAFIPIWIL3 45 &
1719 nt piRNAM2, 5T EIR, 2 SR PIWIL1AI
Mov 1011256 B UM BRI A 1 BT 34> piRNAfERE
Bde, IS LINE LR LTR S 8% 556 e 1 id 2k 1,
HASUWA %S U F0 R I, R B A4 R0 O B4 i v
TE1E PIWIL345 & I TE piRNA( TEFI % 1) piRNA),

{HPIWIL3ER = FEA S i B4 S sk B e 1 X 3R
B PIWIL LRI PIWIL37E 5 BEAH i 1R 4 Jo -3 45 b H
BHAFE R ThREN20 F /b —LETE piRNATE 4354 il
B RE 4T i 114 3R F-UUBR R AR
piRNA-PIWIHIAH R FIE R IR G R B h & 5
TETRE. REREREEREG, ATEIEE A
KA, 52 250 BEA L BEJEPESE R mRNA R T
PERE AR K ARG 3B mRNAZA R FE 2], X
— RO A IR LS R @ A
BT, BRI 436 R PIWIL 15k [ I i A A B B4
mRNAFEMRFID, KEG T RER AR EEE.
20234, FATE o E R BE S 2 NI 5T R
YERG T T PiwilI~MEE A R P IThREE, 751
FHR 4 O B Piwil 20 Piwild, I 5 /N RUFEBL, PI-
WIL2. PIWIL4FER T 3E RA T, (HFEA 00 4
A FRUME R A 0 20, Piwil 29848 1 Piwil4 9875 M
MR EH 5B AR BE 20 R
M, 5/NEAHEE, PIWIL1. PIWIL2. PIWIL4Hk%
S O BRSBTS AR AR AE D 22 57 Piwil 17
B B, R R A BELYT 1S TR 2 S sS4 SIS BF 4
flo Piwil2, Piwil4ys 50 BWORS § & AE BELA 46 TR
JiR 4, 90% LA b FH i 7E AR 28, 1 2%~5% ks BEAH
W] R B B IR AE I 5 75 Piwil4imd bR 4 B
H, TS B D BT RS . TAE /DN R R 7T
o, PIWIL TR 2 3 30K 1 & AE B ZE U RS 1B
By PIWIL2R S T A= 0k BE iy 7 £ 4 1 2 K 2 14,
PIWIL 4 2R I BH i 76 40 22 BA 245 28 I (B 1)
SAG AR, K 5 IEE W A AR B A KR 1K
FREAE L HoRE Tl 4A 2 1 i ACROSINH A 2
— A E B FL AP TR 1) 22 SRR B R . AC-
ROSINYEME KRB, IR EgOA AR AT 71 T
Tebnz —. SR, KN Acrosinfli b G K T 5 1515
AT R I AR 2 B, HErEAE & IR . R,
OB 1 1) S i sl ok LV I R 2 T 4R A
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(=)
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(A) Female Oocyte Zygote 2-cell 4-cell

OCJORS

Piwill, Mov10l1 KO mice > M
Piwill, MovlOLI KO hamster X
Piwil3 KO hamster (subfertility ) s 1 e e e e > @
(B) Male )
Spermatocyte Spermatid

SPG LS —~ zS N PS ) DS DKS RS ES | Sperm
00000 0o
o@iill,
Piwil3 KO hamster > Q
Piwill KO mice X
Piwill KO hamster
Mov10l1 KO mice X
MovI0l] KO hamster == mm mm mm mm o o o o o o o o o o X
Piwil2 KO mice
Piwil2 KO hamster s e e e e e e e e e e e X

Piwil4 KO mice X
Piwild KO hamster = s e e e e o o o o o o o o o o i i o o o i i i e e X
ACROSIN KO mice > M
ACROSIN KO hamster X V

A: @RPiwill . MovIOLL . Piwil3%: R fMEPE /N R4 356 R IG R B LAY LR B: @i BRPIWI-piRINAH #4 FH 5 5= R 7E M PR /N BRI 4 26 RO
FRAEF IR . 2-cell: 241HIIENG; 4-cell: 44HAILNIEG; SPG: K IRANMI; LS: 4HZR IR BEANN; ZS: ML IUTRS BFAHAE; PS: HHLLR RS BF 41 AL
DS: XU IR REAIAL; DKS: KAZHRS REA0M; RS: RS T40AE; ES: KAVH T4

A: comparison of the embryonic development phenotype of Piwill-deficient, Piwil3-deficient and MovI0l/l-deficient female between golden

hamsters and mice; B: comparison of the phenotype of PIWI-piRNA pathway related genes knockout male between golden hamsters and mice during
gametogenesis. 2-cell: two-cell embryo; 4-cell: four-cell embryo; SPG: spermatogonium; LS: leptotene spermatocyte; ZS: zygotene spermatocyte; PS:
pachytene spermatocyte; DS: diplotene spermatocyte; DKS: diakinesis spermatocyte; RS: round spermatid; ES: elongating spermatid.

Bl @ReRM/NREERELER

Fig.1 Comparison of reproductive phenotypes between golden hamster and mouse
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B Ak B 7 AR TR S8 R
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FEARBFLO M RSTT1H, &R 5 ANEKR
B & T/ FERRRETT I, & aR 5 AL
A AL RR 1 (R 4): RS 7 1 2234 CETP; HA 71
7 A5 #1521 B48(apolipoprotein B48, ApoB48)
By B, = AR RN S 2 H BD e = AR R A R e i
&, TR FBNIKIEEL, B2 nl T RS 2% i e HABE
FA AT N5 I R AL, 0 451 1 LA A4 R
LFYENE . Sia 2T, DAL & iR BT AR A
FEBEHLE361 N 00 LR 22 95 e ik I 1
WAETR, FEALE T ARG AR T8, 0 (1 R AE
R EREAEERELER. M, X PR A R
JiPEAE H TR RN R S PR v AR HE 75 380 R S )
BB, i, /N SR Ldlrag o Btk s A%, i A JELdlr
RAF N BAEIRAL . O R Ldlr R AR RN Gtk 5
PR AL, S 5 A AL g AL 1 ARP
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Table 4 Characteristics of mammalian models of lipid metabolism diseases
FRAE B N UNYFN
Characteristics Golden hamster Human Mice/rat
CETP gene Yes Yes No
Dominat plasmid LDL high LDL high HDL high
APOB expression Intestine Intestine Intestine/liver
APOB100 VLDL/LDL VLDL/LDL CM/VLDL/LDL
APOB48 CM (chylomicron) CM CM/VLDL
Hepatic LDL receptor abundance ~ Low Low High

LDLR knockout phenotype Dominant inheritance

LDL clearance 70% via hepatocyte LDL receptor
Extrahepatic cholesterol synthesis ~ 85%

Susceptibility to atherosclerotic Susceptibility
plaques

Locations of atherosclerotic Unknown
plaques

Instability of atherosclerotic Possibility Instability

plaques

Dominant inheritance Recessive inheritance
70% via hepatocyte LDL receptor

90% 50%

Lower via hepatocyte LDL receptor

Susceptibility Resistance

Rare outside the aorta

Common outside the aorta

Instability Stability

olemia, FH)/& —F I %5 B I £ 111 52 /4 (LDL recep-
tor, LDLR)*, #Jif & FIB(apolipoprotein B, 4poB)
HIHT R E AL AL B B 2 9(proprotein convertase
subtilisin/Kexin type 9, PCSK9)JL K 5845 5] i i) &
Rtk BRI Hoh, 85%~90% 15 A2 i
LdlrRAE 512 W0, G RO F s Bon, G T EH
HAT B e A28 FE IR B L IH [ 5 (low-density lipo-
protein cholesterol, LDL-C)/K~¥, & - 5 & 0 5
P o A RAL B E AR A LRI R JEH A
JIFL ] B 7K A LB B /D A I A S 0 I A R
Wio 1E/N AR A (R L 7R, Ldlr R R 2 &
TweBATEEES, WM EMImAE.
BRI FHAHE . SRT, &3 O RUBLAL | Ldir
it Bk (4 24 A 1 3R DAL B S 1 e LT B fE , AR
SIMKATEAR BN IK T AL o SE5F Ldlrag 5 4 35 0 BRAE
P AE R B T BRI AT & AR e RE ] e i hE AN R 1 30 K
SRREREAL, T i i 5 S T T T 5 P S A A AL P
BIHFHICT . X — AR L T I PR FHAHF
fiE, R T & HEE R Ldlria R AW 50N 30K
FEREAL 7 TG T/ BRAR BT,

# I5 2 1 C2(apolipoprotein C2, ApoC2)2E (k2%
FE NG B 5y, T KR & & H i = )
KNEE A, NS At S TR . ApoC2HR R i
A3 R I H M EE s H I = B8 IAE (hypertriglyceri-
demia, HTG) & & M SRR 58 , [RIES, flAT 1T i

e 14 250 F S A R A XSt A 2 389 4241, g /N B
ApoC2H R FHURMGEUL, BRI T InR E 4poC23);
RERIBTFL . RFR 2O R Apo C2IE R 5 K I, R
ApoC2AU Lk 1 %) FEAE HH AR IR BRIV I 26 T2 XU
(3 T T 2 K A I 6 BRI BAE A I R AT
LYK KR S AAV-hApo C2, T LU BOX He 3 26 BRI
A . AR K Apo C24E 45 R R 4 B0 BRIt
FRETHTGEAY, FEAEA RN I & 3R AE Al B R
PESBKR AR . 23R 5 N KR IR H Apo C298 4%
(IR I e EEAR AL 1431, AL RT A I 7 Apo C28k i £
B WA YT IR I R 25 A B YA
I N R B SRAF I N G i 5 B B, iR
JRAR A R EE A A DO RERT FE4R A1 1 T AL Ay, 1X L
RS 1R BRHIE 5 2B 2L, IR T 6
BT AE EL /) BB 3 P A S i A S A AR PR
TR, o BB AT I TSN FERE L . i
JERTHRE B3 S5 95 R R EATL AR BIE TE AR 24 R

3 SREREMEFERRAFREEN
SRR

e e PEBAT 175 9 A N 255 e T s £ 55 A B il
Lo N T LT AR R AL, BERAT
RN TR R, TR
PO £ e B TR o 2 BT A e S5 14 ()
G RN NFARL, A SARS AR I 2
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AR B RS B 5 22 P I I O B R L (0 B
RRAY B0 AR FR B, &3O RBLAL TR AT
RGO RIRNUE] . PPk 259 B T A Rk, BAK
TF TP B 5505 D A 2 TB) PR A ELAE B LA .

20197 IR 9% 759 (COVID-19)4& H SARS-CoV-2
I 1 5] R I PR E e . A 20234F 12 H 20
H, 2BRCOVID-19/& 4 \ 1 =ik 8z, CHE ISt
NEGEIE 70077 . 20204E2 A, 5 T A 20 2120 1)
COVID-193 B - 5K B, 51N [F) 40 o e
M ACE25 N R A sz b B e R, H e 1 i
Ig. S5, BT ORAMERERE ACE2/NR AT
W e LB AL,

SARS-CoV-2F| FH Ji #5 1l %% &5 [ SPIKE2 5
s &1 P R 52 7k ACE2 45 &, 4015 I 22 B 1% o 1 g
2(transmembrane protease serine subtype 2, TM-
PRSS2) WA FEHE NI . /N R P L #F 7L B,
/N ACE25 N ACE2 1 88 7 81 R R PR, JE
FEAMEGRBRRED, FECUNRA G B
SARS-CoV-2/& 4L Bl Sy 1 fif Peix — o] @, £
REWR T 2T NJEAL ACE2 % 55 IR /)N B3 A% 74
TR RS ST . 40 A K18(human keratin 18)
JA BT B N IR AN FR(K18-hACE2). SV40-
hACE2/N B A VR YE Ace2 JE AL HE N B N V5 1k
hACE2/N S [mACE 2™ ACED 25 1 B[R] /N 5 1) AT 4
SARS-CoV-2/& g%, {HIX L/ FR G B 5 N 2%
ACE2 Il R Fak 15 AN A7 7E B 35 22 37 B30, g o
SARS-CoV-2/# % K18-hACE2/] i AT #4052
FHONE G 98 5254351 JL PR G B W) B TY 1) ACE2 3R
A, S EUR R BURTE B ECR, X5
PRIIE A AR AF o R G (1 N R Ak /)N GRS 284 AT
THRIBEHLEIBETC, IF R KR IT T R RO 1R
BEE A ) SEBe E (B E SR T ML 5 N
ANIE], PR X e B AT B — s 1R BR %, A eSS
2 B ARG T Al AR 0 1B T v R K e BB
B PELAL

Bk 2 AR OR, &30 RACE25 ¥ d
Joi 8 SPIKE2 8 SR M2 iy, I HAe o RN —FF
A LB R A L B, S B Y IR
TAEET, R R B B ER E 1~2°K,
BV R SR AT P A R, PRI PR HE o G R R IR
EFEENE, SRS, BRYLE)E, CRIEE %
A OTS8 H DB BRUR S S, RIS S G B,

L ASRERATY AT DA S22 7 DL b, 7775 B S5 0 il 348
TR BT, AR K HE . Bk, &30 R AT
FA K87 e 95 BRATL A PRI 75 o

5 N COVID-19/ AT 2= Ge it &5 FARL,
AN TR A% A0 51 65 BR, SARS-CoV-2/2 JLiE IR 1
RAEMRBGAEZEZR. ARG ER, SERER
FUEVE G AR, 244 BRORREYE & BRUBYL 37 e
g, 5 L™ E R BGRER 0 BT N R
Hrp M EE R R N 265 . WEFUR B, SARS-
CoV-21[ il i Z P el f A B B R E & B R 2
() A% 7 PO XA i S IR R SARS-Co V-2 Rif:
R, A B TR G R TR 2 e IR B A%
F&2h 1N . o BB R a] B A T e
BITAWTR I . R AR T TR PR
BRI 08 10 e G M 300 25, 1T 244 2 U (hydroxy-
chloroquine)(7% BUAN 25 Bl &1 25 22 ) I oA ] 1 FH PO,
e AR, 7R R 4 26 B AT F T SARS-Co V-2 fi% ik 7
AT ORI R

68 B I PO AR S 45 B AL A SRk . T
ARk, BT 78 53955 8 (1 SARS-CoV-Delta.  Omi-
cron BA4FIBA. S A4 85U G4 5 R, 2022
5, Nature ATHRIE | Wi O T BENLEE G (0 NIRAL
FRKI8-ACE2EH R A TR Mma. 5
NIEAY ACE2% B R /N BB BB AN [F], Omicron
BA 4K BA.SFH%H S8 KI18-hACE25E 7 K 45 fL I
FErTIe, R, FRATTSLES E A I H11-K18-hACE2
NIEAL 475 6 U Y SARS-CoV-2-Delta. Omicron
BA.SJG , 345 5~ RAET: CR R EHR ). X —45 14
N, ANE B NTEAL ACE25 Wi AL Al BE T ACE2%
EACEAR, TS BURPE M Z R I, KRS
ANTE AR B N5 A ACE2BERY | i 75 4 37 BE R 325 7K
S — (PRI ARAE -

Zib, SORBRERYMANLR, FECO-
VID-1977 T JEIL T A RIIGR. EEse. HEmE
SRR ERE . SRl DR A B 6 B AT A AR
A E I R = AR A 2 o BT AT B R
GyERE . BN EE 2R, O RBEE O BON I
SARS-CoV-2H &ML A& Fk. 167 % i e pp
MEEF5.

4 ERCREMBEHFR DN
LRI, /I B 0P 0 2 s 1 5 0 B 2
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/N BB Y g B A N S it 1 s B AR FTE 7 (i 1
ERTTR, (B AEE R E R R NEMEE R
KA, HGM 2 K mhE k R IR 218, &
W — W RARPUERE . SRR, &30 2
— PP B e A R IR S AL, B TR
i e B%) R AR R S, e o R A Bom AL e,
7,12- " H HE IR IF B (7,12-dimethylbenz[a]anthracene,
DMBA)If 51 2 e,

IS S & — M2 IRAT B RE 2R T, £ 90% (1)
AR N I N A WS VAW AN
B O EEIRIT IS TR, R R R 1
G ZANIRIR = DRI AR — N2
TERE B i DAL 10 DT S P 110 3 R %
IR, XA S8 O s R D& A . A
S B A (I PR BRI ET BB LB, BRI AT AR )
AL, 2R B NRAE M E . R S0 R
IIIEN) Go e TR G I, YAPITAKISAR el g 1 111 i
¥ 518 A7 (sequential oral carcinogenesis)4: ¥ 6 fi AR
M. YAPIAKISHE ] “#4X Uik, K 80 Y) DMBA
IRIRAERE RO BRI 2 MO, JFEREE 2 10, 14
AT 19 JE Bt A BRI P 20 IR | A5 DA D B HEE
2 DMBAXCER (1) 7e (NS ZEATA, 1 5 N\ 3 11 s g AH B
PR SR B, AN E. A Al
RN, RIRE. o tE. S s L
HIE TR N, 0 R O s B R AR R e, g ik
[X| Egfr. Erbb2. Erbb3. Myc. Nras. Hras, )%t
KIp53Fip16VL K A0 MG 5E AR EVIKI-67 ) RIE R i 5
N —F, DMBAW T 14 10 R SR 40 s 5
N i SR 40 i B AR AR TS 5. 2R
BUERHIE, #E3) 7 &30 W D SR AT
AT A SR R o QR 0 BRBE A
S7 R A ¥4 38597 7% (boron neutron capture therapy,
BNCT). Y3l /197 1% (photodynamic therapy)"®. 1t
WP HWAWTRR . RERR)PIRIT
RV SIS T AR IR IRTT 2L

SO RARLE F T A I A Y i AOE
EEZHREEY) AR FrRsE, LUk R,
HIR B MA ZUE KR 5 NIt AR L. thoh, &3 e
BROE FT TR R R R A A . i A — PR L 3K
AR, 20224F A BRMRT 4 i R 1T 50 75 A SE
T2, SSEAEARBMLTY, N-TEAESE — Q-FAR T I%
[ N-nitrosobis(2-oxopropyl)amine, BOP)]i%5 5 (16 i %

i M BRSBTS, I HAT AR
1 2& A [ 4 K-ras(Kirsten rat sarcoma viral oncogene ho-
molog). CDKN2A(cyclin dependent kinase inhibitor 2A)
1 SMAD4(SMAD family member 4)]28745 ™1, Fi|
AR, RO T 4-H R 3 TR AR R IR R .
MFR TS & MR, SRS B-IAY F&R%E
HA — & KU 1E 779,

FEARK— BN IR A, T < SR a5/ B
— R BB RS A, R ) 5 AE bR AF AR )
K. B, G RER BRI, BT
B R AR R PR ) . 2 Bk 3k e 47
AiE (Li-Fraumeni syndrome, LFS)&—Ff i YL LAk 2
P, fEMAG & B I, TP53(tumor protein p53)5<
AR BT S8 BAT I 10 22 T SR R A S P g (7L ik
Sy TN L I A B b A5 2 A 2H 24 o) K AR
PR UM, N2 TP5 38R ) SR 40 L I (acute
myeloid leukemia, AML) & & E A ) AMLZE /L 2 — |
TEAR, AL N 64 H |, T TPS3HREEAI A
2% AMLSE H 17 BT A B AML A 5 HE 6 97 1 1 I
TP534& RAZ /N AN BE 78 2RI SEAE 1 PIT A 1)
A T A A 2 R R AMLEGH A8 2505 -
{HAE, TPS38RIEE T 6 B AT LUK R H AML, X il
FE/IN RS R rpa] BE SR AN FTAT B BTy S it 1
AT O ) SRR ST

F1J1 2% 252 4K v (interleukin 2 receptor subunit
gamma chain, IL2Rg)/& — A Tk U2 4H i 2 1 1 B
HEIT, 12rgR 5T EUTHH MM NK A 625, BT
ML T Be 6B o 112rgi bR /N B A2 T AU AL
S B8 #2 HE A% T (patient-derived tumor xenograft,
PDX) I & B0, H HF/NER S5 NI AR K R 7 A 4
HLPR 7 AN e 4 e s, B LA T 2rg il B/ R S A RS A
R Th Ao 2 BRI o R NI A AR 5 A4 i A
-4 e DR R 92 R B /DN BRU(Prkd e 55 T12rg BUR B 71N
OGN T NEACRE I R, (H N SR BT R R 7 1)
N G e B I A B 58 4l H T BT B PD XA
B AR/ B H, — 28 A\ SR R 7 ki 4 i -
Ikgs 211 At 2 7% 311 34 5] T+ (granulocyte-macrophage colo-
ny-stimulating factor, GM-CSF)®" 1 IL-12(interleukin
12)B2SIAEAE Y, H 2% GM-CSFAIIL-12#) 1] &5 4 3%
B BRI AR AT X B2 BT, MIAOSE B4hie N Ji it
i 96 MIA-PaCa-241 [ 2 73 79 K H e T A48 77 U
Tift 3] 6. 7% G 3 B-NDG /)N il (7 NOD-Prkde scid it
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R I2rg BRI /N ORI L 2rgii R & 3 B R, B
REL ) N 28 1 s 40 5 1 P A 2 o 38 B AR K R
g, SRR P eEBRAN ., FAE ERR, 280,
EB-NDG/M R R MR LIS .

XA AR T &R O R A MRER S
N ZIE AR, TR 4086 A O A2
S e LAY B ) A A

5 RE

B KRR A T R e B, ARE#EN T
T REFE PRI Ao KRR FR /) Bl 258 AT e o AT AR
Pridos, ARLE R REAE NSRBI Al ) Al b B A B
AV AT REMFER, B/ BB T BRI H “BR = Th
RE"ECE “DIRETLAR". BN, B R KRG ACEFE N KR
IR BB BOR AR 25 SO AR LSBT, BAE /N RS
B EIR B R R AR . AN, AT A AR
N ERBEAT BRI R A 7 M B, N3k B AL e 22 2D
A 100014 ith = PR 550 B 3 PRl vy B2 (A9, fHL/)N B
DRI ZH Fh FEANTEAE X S FE ]| 201 Piwil3(Piwi like RNA-
mediated gene silencing 3). Cetp. TDRDI5(tudor
domain containing 15)% gL . &3 R oI L
FR I ThRent iRt 1 EE KSR

B DR 2 0 < O SRAE AR B BE 2. IR AR Ao
EPIR ARG (UrE e ) AR S A S e B Y T
5N R, R AE /N BB b I i 35 R Y
MINBEER D Re s it 1 T REVEAIHT ) T H . fEE 3
B RBER R, “BRZ DR B “ThRETUAR PR
FIREFEBLATH 7> TAE AL, AT A B T3R5 5
S AR D BE AR B, TR I 2k X I 28 LE AL AR N 1Y
oMk FIMERHE R, KA BT H il jrix e
FERFEAN A ARV 5 R BN T Re , A B
A Ik 2 DRI 7E N S A R IR 2 T, R
KDL 20 BE R RS HER R I s S it
IES:p
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