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Abstract As a preclinical animal model, humanized mice transcend species differences and immune re-

jection characteristics between humans and mice, and can deeply explore the pathogenesis and drug action mecha-
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nisms of diseases. They play an important role in disease mechanism research and drug evaluation. There are simi-

larities in hematopoietic development between humans and mice, but significant differences exist in the generation

and development of specific lineages, and their hematopoietic molecular regulatory mechanisms and patterns are

also different. In recent years, due to the continuous innovation of gene editing and xenotransplantation technolo-

gies, humanized mice have made significant progress in the study of hematological diseases. This review covers the

differences in hematopoietic development between humans and mice, the process of establishing and developing

humanized mice, and the application progress in hematological diseases.
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BN BIFFT R B, 4 N E IfLT4 i (hematopoietic
stem cells, HSCs)HH A & 1d [ 59 ik /)N B o] S8l
N AR 218 2046 231 BeAb, K AR IER
AR IE M A0 B A AR B/ SRS 5 AT DU T0F T 00
IR ML ANJRAG/NS BRI C A 78 N 208 I A
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EPO)7E 4% /N RN S 21 5 H 4 48 i 73 4k s 34 |
HAAMPIIPER, B HE A0 A7 . G T8 M 280K Rl 24
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G A RS S AR B o /N BRURIT N SR )3 I A 5%
AAEZE S BN, /N BRAE AR Ja T AR DR B B G ) LIS
WIRAE MAFAE, 17 AZRAE R B AR B k. A
i 236 IMAN R AR FE B, T /0 B PR i 28 368 I AN
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e T AR, HAVE NS R e 1 AT A1
B/ HSCs IR S e 71 20 BT AT o /N BRI RE ST
I8 M M) FAT A8 BB =, /N BRBIE SCRR30%
g I, JF BT DU AR T G il R0, X ee s F 1
PRI T PRI E BEA I AR o S A N
/NELHSCs y—BEHE & B 1% (lineage-negative,
Lin"). BRI 2 /& (Kit proto-oncogene, c-Kit)
AT AT )5 -1(stem cell antigen-1, Sca-1)FHYE (Lin
Sca-1"c-Kit", LSK) AR RE ™' fEIX — W HF,
CD34 41 it B A K 4E 5 2 1% Rk 5 M KB HT
fE U, KIELAE HE— B4 1 CD34 21 i LA Y
RFE, %552 3R IE CD150" CDA8 K 11t ifi. 41
(long-term hematopoietic stem cells, LT-HSCs). 1E A&
3 I /AH 41 M9 (hematopoietic stem/progenitor cells,
HSPCs) A #1ACD150, 1i#iACD48™ .  A\HILT-HSCs
A AEBEF I LinT CD34* CD38 WA h 3k . X Lud
JiI 2235 FMSHERS Z R I 3(FMS-related tyrosine ki-
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CD38 . Thyl’. CD45RA F1CD49f . /)i LT-HSCs
A1k CD348 FLT3, {H31A CD38M" ', fififi 52,
BRI R G LR, P KREURE, H2
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J Bt AN TR O 3 I )5 T A [R] 171, A
0 15 1 440 B PT DA B S 3 . D RE AR A2, T R ME
eI T T 4 P D0 0 ) I o R O R N T
i B8R AN [R] P BE 2 i FLt Il . 520 HSCs H 3
A AL IS 5, W4 e (stem cell factor,
SCF). ML/MRA= A Z (thrombopoietin, TPO). FMS
FE % 2 FR P 3BC A& (FMS-related tyrosine kinase 3
ligand, FLT3L). £ J13* ¥ (granulocyte-colony
stimulating factors, CSFs)Fl 4 i/ & (interleukins,
ILs) %% (1) 3 458 2UAE A BRI N 38 22 1) I A 56 42 AH
[ U, flan, E/NER A, SCEXT HSCs R F iz
P FLT3L, MMifE A28 FLT3 LX) i ) i e H
om0, fERPRIREEN b, HxB T RVEEES

B4(homeobox B4, HoxB4)7E N ZEA1/N 5 H R L H A
A HAEH « HoxB4id ik v] 5] /N Bl HSCs ¥ 3% 3
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A (1.5~4.0)<10"AN/L], 4RI 1 PR R E]AS [F] ) i
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BAMRECHIKT . Bz, BANRP3REE
DLAR A 21N 2 DAIT 58 5 F000 14 P i R iR AR 2
A, 7 S R e 2

Mouse: Lin" c-kit" Sca-1" Thy1.1" FIk2~

Human: Lin- CD34" CD38 CD90"

7\
(L LrHsc

Mouse: Lin™ c-kit" Sca-1" Thy1.1" F1k2* l

Human: Lin- CD34" CD38 CD90"

@@ ST-HSC

Mouse: Lin”° c-kit" Sca-1" Thy1.1- FIk2*

|

Human: Lin- CD34* CD38 CD90"

000

Mouse: Lin~ c-kit® Sca-1" Thyl.1" FIt3* CD127"

Mouse: Lin~ c-kit" Sca-1- CD34™ CD16/32"

Human: Lin- CD34* CD38" CD45RA CD135* CD10° CD7

Human: Lin CD34* CD38* CD10" CD7™ CD127" CD45RA"

CMQ

A (0 cLe

Mouse: Lin~ c-kit" Sca-1- CD34° CD16/32"° \
Human: Lin- CD34* CD38* CD45RA" CD135 CD10- CD7~

Mouse: Lin c-kit" Sca-1- CD34" CD16/32" e
Human: Lin- CD34" CD38" CD45RA" CD135* CD910° CD7- \

RBC  PLT Eosinophil Basophil Neutrophil Macrophage Monocyte-

Ev gy SN
Ny W ) ) -B cell

P ( ) ( ) pre-B ce
=" pre-DC @ pre-T cell PNKP [\ _

v [
- —~
-
h

a0 a5 p

) - i 3 { @) -

N ¢ 2@ L

. Natural

derived Dendritic cell T cel Killer cell
dendritic cell

Bl NRAALTZE M F/AERER R R RERES

Fig.1 Categories and surface markers of major stem and progenitor cells in mice and humans
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JRUE N I 4 B 25 1 N 2K 40 405 (hu-
man leukocyte antigen, HLA)FI/|N iR 7 32 20 AR 2%
P 5 44K (major histocompatibility complex, MHC)
ZIAASEAILHED, 1E4 N\ 2K HSCsHE i 2 G2 B /)y
U A, AT5 AR AT LS AN BRI TR AL PO TR AL /S
BRSE 2R PR T R AR IR T 485 717 Prkd e 98 7% J DA] 1Y) B2 R
Ik G B[ (severe combined immune deficiency,
SCID)/)N R A& 372U, SCID/N L Bk = B4H il F1 T4H
MO, CUBIE B BE A% SCHF N TAH AN BAH i 11 25 2 2,
{H2, BRI, SCID/N R 2 B A=A IR T
JOATBAN i, HFENKEZH A i 1t 23 hn, PR -3 3
N HSCSHNRIMC, Jydf s NG M4 R
WEFEN SR SCID/ B 5 AR NE AL HE IR (non-obese
diabetic, NOD)/N AT 4458, 3453 T NOD-SCID/)
B, 2. NOD-SCID/)N bl & J H 25 Foft ] 7 4 28 Ty g
Fer, COFENKAMTE AR WA I AMA T P DL SR
Bl BB, XAE—E R L3 7 NHSCsHIMEA
Ko X F A2 TNOD/MRKIE— MR NG T
¥ % F a(signal-regulatory protein alpha, SIRPA)F] %5
PR o SIRPAMEIR N “HINZ 315 5 731, 7T LA
/I B LR 2 i A e N S 2520, 4R, NOD-SCID
NERERI L ATI AR 32 B, BRI DR AT TR 2 i RO 00 (o
PLAEAFHAN257R), HOINKEZ A K oAt 5 7 G g 1l
I BRARIE 1T

AT i3 — 25 S i 98 R /0N B DA S BN i I
AU = RN ? — AN E BB R DL T 4
A2 -252 4K 8% (IL2 receptor common gamma chain,
IL2rgal yo) BRI/ &R o IL2rgf& IL-2. IL-4.
IL-7. IL-9. IL-15F0IL-21%5 2 Fhat i R 552 7k (1 20
R 3 B30 5 Ty R ik 2 2 v RT3 8P R 5 R
G2 SN JIT 5 R OB A L DR 45 5, el A& TL-156k
Z ISR NK A 76 4 ok B2, e, B2 i
1(recombination activating genes 1, Ragl)F12(Rag?2)
BRIV (Ragl ™ FI Rag2 ™" /)N B, ) B LY Ay 2 7. o 34
TR S B ok B R R SR (1 1R iR AR . 1K LR/ RAS
Bk Z RS EAT TAH MO FT BAHAL, 177 6 S AT B 5
i 52 B340 PRI, 385K p B R R 5 SCIDER Ragdik
DRl PR AR 25, 7T LIRS s B S SR /N B o 1K
F/NE TAUAE . BANMAI NKAIfyh 52 sk, H
% /B2 R D RE P Sz AR PO H RTH W B
R /N B R L5 NOD.Cg-Prkdc>Ii2rg™ ™ (NSG

/NP NOD.Cg-PrkdcI12rg™ s (NOG /) il )P,
NOD.Cg-ragl™™"[12rg"™ "™ (NRG} i, )* 1 C.129S4-
ragZ’””ﬁ"“]Ierg’”’“’“g(BRG/J\ B )[33] o RER TixLH
i, FEAT N ML R AT, A7) 75 2530 3040 77 & 4 i
B ) EVH RS AT IS R AL 3, DA IR st
AR B, Tk, N T e — B REARE XA
S ) S B R 7 SN, SETFR T TKOREFR /N R ——
B6.129(Cg)-Rag2™ ™ Cd4 7™ ™' [12rg™ "™ . % /N K Kk
T iR RagI fIL2rghl , ik dk = CDAT, WEFLR A,
CDAT/E R —Fp B FAr K5+ BV, (e85 B g 20
T ) SIRPAZE &, AT T8 G 1 3 A H S 48 fild B
DKL, #icf CD477] DLk — B 52 m /N B s 5 A4
MR AR A o
3 EeARKNRENLMRREEZENH
RiER

RG22 TLT AR NUE A /N BB ) sk B
AR 7 — S pl 2y, X S B AT SR AFAE — 08 Jmy PR 1
N AN BRAK TH AR SCHRe Nt I 40 i 56 B35 2R 74 7
AFLEJRI BRPEN, Ab, /N BRI, Nt 40
TRe CELHE IR ABRRRAS N I4iR) nT B2 R AEAR
B 9 1 B NIEAG /N BRASEAL oh S P i) LA,
WHRNRIRER T 2Rt o7, BAER /D RIE =
XF NI ML o R B WISCRE . XI5
(1) BER/N B HSCsAE 2547 BASZ Bf A HSCsMY; (2) i@
IR 5N AZRHLA S T 924, (3) FiENK
St DR 71540, (4) RN G LI G ) L RT3
1)s

i 1 /N R AR Bk Fa 2 A, BRI BRTHS Csid i)
PABIIE H FF I8 0 i B AR A AL, k{2 gk A HSCsIH 8
ARG . IR, T LB c-Kith 2 BRI
it 0} LA RF 2 OC BB 17 /)N BRKG e R AR (U K™
K"y o GO D REE S, #EHIH] /N B HSCs
BT P, PR, 5 KicdR IR /N, B NSG-
KitV"™"4(NSGW4 1)l BRG-KitV"V(BRGSK)",
T FEERST RN ] S A HSCsIR BT, 2 %A A4l
HLERLF I 0 R, AR A/ BROAT PASEHR N 2R 58 R 4
M4 (H2, ML FIER A RAREEE, K
B LB I 4, NSGW41 M BRGSK /I B, ] LAFE —
EREE PR ANRLARKEE, HAE, DRI
N RS B A TH R 2K
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Table 1 Further improvements in humanized mouse models
Jii: S IS R 245 451
Method Characteristic Application model

Building an open bone
matrow niche
Expression of human HLA

molecules mune responses

Expression of human cyto-
kines ment of human myeloid cells
Simultaneously implanting
into the fetal liver or fetal
thymus

Carrying a kit gene mutation in mice; disrupting the hematopoietic stem cell niche

Expression of human HLA class I and class Il molecules to better simulate human im-

Including SCF, IL-3, GM-CSF, G-CSF, IL-6, TPO, etc., to better support the develop-

Contributes to the construction of a more complete human immune system; supports

NSGW414#1 BRGSK™!
DRAG™, DRAGAPY,
BRGSA2DR2%

MISTRG"*, MISTRG6P!

BLTP**% MISTRG Fah®”

the development and maturation of the human erythroid lineage

YAl 5 MHC/> TAHEAEH , AR EATTRE S8 IE AR
Al E SRR . BN TR/ N B, BT TE 2
FE /)N BRI Jl rh A A 1R, RO 3K ST 400 i 2 0] /N B
IMHC(H-2)7 4 SN, T A2 AZEIIHLA. 5IAN
HLAW] DA NG/ BRI e R G, A g 5
U M AU N SR I g% S B . 5, DRAG/) B —
FhAE NRG/IN R T 5% Tl 2 PR 2 48 5 R 3R 18 HLA
-5 HLA-DRAZE A3 1/ SR B0, b4, it
A [F B 235 N HLA-IEAN -T2 50 F I AN EAG /N R
UIDRAGA/) R HIBRGSA2DR2/)N R 52, JX 4 /]N i
AJ PASZ R0 R S e CD8 4 i 5 1 T AR I AR B,
[ B BAH 0 7E S e S AT AR RL R D Rk . AR
i i 5 G ) LIRS A 2INS G/ B (BLTZN ), 7T
DAAS 2 B 58 38 (N g% RGP, BLT/MNR C4 T
HLA PR il 14 N S THH B SN B AH B 7T

A HE N A0 6 ) Iy R TS e AU A /DN B 2 R T
) —ANEERE . AR, BT 40 i R - B0 i 8 o e
PR, NG /N AN BE 52 1) Hh 5 28 A 40 i S8 1) D e
FRAE . ik NUEAL /S B A N 2R 40 i R A A
AR IR, B U S e R RS T AR
B NRE0 M PR (/N AR R BT RIE SCF IL-3.
L4 A — 5 441 4 7% 1R 7 (granulocyte-macro-
phage colony-stimulating factor, GM-CSF). ¥ 4f /i)
FEVE IR T (granulocyte colony-stimulating factor,
G-CSF). IL-655 40 B [A 1) NSG/)N 5 7] DS i b 5
FEABERMBEMRE 9, £ BRGELBRGS(NOD-
SIRPA)/NRE 5T, R FRIATPO. IL-3. GM-CSF
B 4T O £E 7% )3 K] - (macrophage colony-stimu-
lating factor, M-CSF)3k 15 / MISTRG/) i); [l 5 i
¥ N IL-6FE R R N MISTRG/)N BVAE B T MISTRG6

NER P TN B AT DA TE 4 3 2N HS Cs A &
HPRAERIEANAE -

4 FIANEW/ MR AESEmAHR

7 5 5 G P2 s /DN B Hp B A N 2R I BA 85E
A E B S, XTSRS A A O
B YT 3P AR A QAR D AR N SR
PN R TR = DN A A N (T C VA1 4.2
FLSEREY N RIE ML FE IR . Ak, HE )
BN RAR T in NSGAIBALB/c Rag2™'IL2rg™",
BT 58 A = YRR/ R RS0, REfE SRR
AP R HARE N, $& T TR AR /S BRI R
., NOD-SCID IL2rg"" (345 NOGAINSG)/) i H
TAEH Pridc ™ RAR TR HF 62k IL2rg, Wy T #1E
A\ CD34" HSCs/ 3 AH g 3= B3¢0 gz e/ {1 & i
NFFER T H G T4 . B2 A NK 40,
F£ H.NOD/) i FFRE A 1) STIRPA £ 45 1 33t — 25 e it
T NHHH RN P, E R AEIX /N R AR N BE S 40
S0P Ay X IR S IPR vkt il ok it ueci i P e e
ML) 73 ACAS 2 BT B IR T A B R LRI A A2
U1 G-CSF. GM-CSF. IL-3. IL-6. FLT3L. TPOA!
SCF'*™, W50 N it 3 K TR gm A Le 2 i (A -7
FOPNE-E SN R N I S e X e NG AN
o ORI AR . 9140, BILLERBECK &5 % 1
At e ik N Kitl . GM-CSFANIL-3 ()% 5] (trans-
genic, Tg) NSG/]MR(SGM3-Tg). fEF£HE AHSCs)A,
E R L FE DA IR /N A LE , SGM3-Tg/ il A CD33°
8 2 40 PRI CD 1S R 240 M 1) 2E pB& G 3G 0. B 4h,
RONGVAUXZE g g 7 N 2K TPOJE R R A\ /)N B,
(hTPO KI/NR), %A% N TPOFER 2 ¥ 1 /N FROXF
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JOL )RR DR o aX — R A TN BRAK 4 Rk 2
A3AGIKT AR K 200 it R0 B ok 41 i ST B ) A AT
ARG FENOG/NRIIE RN, B AL IL-3H1 GM-
CSFHEPRFN /N BRAR N IR1S 5T () NOG /) B AR Y, B
NOG IL-3/GM-Tg/M i . NOG IL-3/GM-Tg/)
I A By FRA R HE R AN I T AN R T, BRI
T2 ONBE RN (W A%/ BRI R B R 2
Jos HERUNAE . G R T s 200 it R0 o ek s 400 i ) £ 4
o FiE M 71 AR NIEAL AN BN T A
&t I AT R0 B A A4 P AR B AR SR AIE T BT 5T
FE.

NTHRES NG MR/, E%FEE
K E NI CD34" HSCs, FEERAEFTN /N B T 4 &
IR R NS i A P RS A 25 A K R 9 (1) 4
P EREE /N B (W BRGSK) A, 1T DLTEAS 75 2 XU 2k iRt
SRS 0 S S 2 HSCHEN 107, #E 4 Ktk
DRI &A% 1) H 95 R B /) BRLBE 8 A 3SR AR CD 347
HSCs. BAh, 3/ B AL 53 32 % 1 HSPCs A
AARMEZAM R M EEKF. HFFRRWE, Wwal
RAFHINOG/N R (B NOGW /N ) E TE 75 X4k 1R
W44 Rt RE S N HSCs I i RO N1, BF 9T A
FAENOGW /N BRI A0 JE L 1 B8 A0 B PP e T A
MEINFECDA5S 4. ML T NOG/MR, NOGW
/N B B8 N HS CsBRHT AR 41 il (CD34°CD38 5Y
CD34°CD38™ i) IHE N 353 2 . ok, iEid g
NN ZEYH MR (IL-3F1 GM-CSF) 315 1) NOGW-
EXL/IN 6 AJ PLSE 3 2 15 2% of 40 g () B g 9%, £
et N CD34" HSCséllflJ5, 5 &M A I NOGW
/N BB R O JS I NOG-EX L/ BUAH E L o HR S i
NOGW-EXL/) BAK P 1 N CD45 "4 ifd % i 72 2 Jifa
(T 3 2R 41 A AN It /N AR /A% 403 )R N K 82 3
P

R T o NEAL /N B4, BESEN R IS R
R A I AT R R VA BE R 40 R K B A%
JL T ZR AR AR R A Re J . B, dE i F R A
I 21 i 2% [ A & (W CD127. CD10. CD7. CD62L
B WA 22 () CD34 T BE, BFFE N BLVFAE T A
CD34 4R LB AR B T NKAHBRIAE /7, 455
FEENSG/N R AR IL T CD127 5 1 ik B A 4441 A
(early Iymphoid progenitors, ELPs)*, tah, AJEAL
/INBRIE A TR FE T 40 B A SRR T RS R )
HSPCsIiRE. A HSCs A Hij 4 2 Jfa (1) 5. 40 i RN A

FRiR M 7 MBI RGA AR B e . Ba NI
/1N SR 2 ZH 00 P BOR AT BAdE — B 3R i AT T AR
TE 1 36 I 53 A P S T 1 R AT

5 ANEWNREMRRGEFRFTNA
R

B NSGELE NRG AR /N UK e, 3
BB FOR YR MR AE A Y (patient-derived xenograft,
PDX)CAN A fE. XA AN YR PDXAEL AL AT DL T4t
FU A IR AR N A AT R, B R DL T #T
R RETRETC . K A L5 T4 ffY (leukemic stem
cells, LSCs)=l# [ L) A2 45 41l (leukemia-initiating
cells, LICS)B L 2 NSG/ A& A %1 17 R A A% 1 i
T G AR RRAE o R NJRAL /N B 138 I R 40t
PER R 4E M I RS A 2R, R on) 2 AML), (H 2, K
- AMLEEFEAR, Kl AR 2B, i
P FL 4R 20 MY [ 195 (acute promyelocytic leukemia,
APL) AR REAE N BB A KSR 707 b Ak, 722 H
At L 8 ek 96 248 L DG VAT 80RO\ AE 24 R A ) /) B
R eh B RSS2 5 % 28 S 1iE (myelodysplastic syn-
drome, MDS). ‘i 3458 14 I8 (myeloproliferative
neoplasm, MPN)Ek £ & V£ #5J% (multiple myeloma,
MM) R D R JEH AR T ATTFR T — M
R MDS 7 FlFS f A A —— MISTRG/M R M0, ix
F/NRAERag " IL2rg LT 5N WIRIERIAN
M-CSF. IL-3. GM-CSF. SIRPAFITPO, ] LLA ik
XFRNMREAFRERAZ M R G E . AR
MSTRGHE Y AT DL SRR BT A MDSF 2 ) iR 148 i
FIAELN , AT BLAZ AN [F) MDS £ 3 1) e 5 3 AR i I
RESFERE. B 7 RIE NG R 1R 18 &
F MRS A A N KA1 1079, 8 YR AL /)N bR BiE
N S I P A B R A SRR . E Rl
WEEH, HSCs 5t 4% A i T- 41 i (mesenchymal stem
cells, MSCs) J&CH 4L i iy 240 B A4 P B2 4
FL S5 AE P ) 5 20 A i DX 5 X e ) 3 I A
AMX A HSCsH A 1R Fr, 1 BLAE IS I 28 G5
Je TP 1 R AN 5 80, SCHF T LSCsHIAEAF . BIFAT
R, AT B NSRBI R BAMSCs I AE FINSG
/N BR Y E T B — AN D R M AR B —— AN TR AL
H/AMET, K MR T NEAL )38 i A B,
Fefit 7 NG =T B8, DAGR Rk At 48 i i 2%
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LSCss& —REEA & 2 57 i PR MR 40, A
AEIRMRAE . EFAE T 8 % 40 M) 4
R B /N B b, AT DUk I 3K 2 i AMLAH 5% 1) 45
RAZ, F45 DNAH EE 2 1 3 A[DNA(cytosine-5)-
methyltransferase 3 alpha, DNMT34)]. TET _ffy F %
JH % e XUNN 4L 2( Tet methylcytosine dioxygenase 2,
TET2). #A-#%5 [ 1(nucleophosmin 1, NPM1). &
RGN AR 2L (A 1(wilms tumor 1, WTI). SFAFERR I
2l 1/2(isocitrate dehydrogenase 1/2, IDH1/2)FIFLT3
O o N 2SR 5 N S RN LV RN
AR DR, R ANVEAL /N BRFH AR S 1 e A 1Y) T e
MERY, It 5 Z AP RS &, s R BA
e BEG AV ) AR B G RS R B A AN R R AR
i PRl 1) AML B 5 R VR LS Cs 3R A 15 & PDXAE AL, ]
PAHE H T I PR AT 2590 T R AN 73 Il BEoe, RA K
LA CIREE NG St DA N AT N 1 W NS AR YA S
NIEA /NG, 32 T A RS AL RHIE Y AMLZH
R4 P o B S AR, R T <
JR B

B 1B MR A, FRATIE 7 EE O E AR
B AT S A A DS T 9T . N SR AT 4
e R LR —, T AR AR
A R 2 T R B R DRI B, 20 R AL
R R R, e RIT IR R G OR T UTE
BidH . PR, 7B R O R R AT 7T 2
MBURALE . A R NIEAG /S B 7R EERe 08 4ERF IR 3
WA ZLAR I, JF T DU SR ZT ML . etk 4 i
Ji (sickle cell disease, SCD)%5 4L £ HH < 1) 9 B AL #H
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FERE AT, I BN U N, TN ZE
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T N 2RI I K S 2 Gt 1) 52 A MR A ) A
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