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The application of next-generation humanized immune system mouse models in
cancer biotherapy: progress and challenges
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Suzhou 215123, Jiangsu, China; 2. National Key Laboratory of Immunity and Inflammation, Shanghai 200433, China)

[Abstract] While murine models remain the cornerstone of biomedical research and play important roles in the exploration of human
disease mechanism and therapeutic strategies, inherent genetic and immunological discrepancies between species constitute a major
barrier to the translational success of basic research. Humanized immune system mouse models have therefore emerged with great
significance and broad translational potential. This review systematically outlines the evolution of humanized immune system mouse
models and delineates the key technical development and optimizing strategies from first-generation models relying on cell or tissue
transplantation to second-generation and more refined genetically engineered models, driven by the incorporation of human cytokine
expression and CRISPR/Cas9 technology. Special attention is given to technical advancements of the new-generation model in
optimizing myeloid and NK cell development and accurately recapitulating the human tumor immune microenvironment. Additionally,
this article provides an in-depth analysis of the application and challenges of these humanized immune system mouse models in the
evaluation of immune checkpoint inhibitors, bispecific antibodies, antibody-drug conjugates, immune cell therapies and other
therapeutic modalities, as well as toxicity prediction such as cytokine release syndrome. Concluding with a perspective on the

development of immune system humanized and personalized models in precision medicine and pre-clinical assessment, this review

aims to offer insights into optimizing new drug development strategies and promoting translational success rates.
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iPSC), AR A ot B AR b % 28 i, A T 8 % B
BB B AR 4 iPSC AT A B CD34" HSC 7E 44
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SR THEEARGE, RUABRMNRERF
EAEMERKE, AFFEEABG A fi i
B3t &ik, AT, 8 B NOG/NSG /) B HY BE 6 T 48 i %
BRI, PR T AT EH RN AT,

El 7T % JH o A 22 %% ] B R RN\ B NSG/NOG
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#7 (antibody drug conjugate, ADC), DL R 3t 2% P 20
MG F R ET R PR MNER . AN, ET
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CRS) Bt HF M S TN 57 5 98 K IR, LLEA A
ARGHERITNRERGESE,

—{ 2T-CRISPR/Cas9ffy 2[R kb S B0 M ThAE B R |

FLAANAR R

f5il

NV-NSG MHC KO/) i
NV-NSG FcRn KO/
NV-NSG FLT3 KO/) il

— 3T CRISPR/Cas9/f)3E i\ SE IR A VR AL

{5«
NV-NSG hIL-7, hIL-6
~ @ . hIL-1ShFLT3L
@@ NV-NSG hCD47
7~ .. NV-NSG HLA-A2

A G

{5l :

NV-NSG K14-mTslp
NV-NSG tg hIL-2
() ° ' NV-NSGtghIL-3/GM-
N CSFRlE

JRBT PolyA

[E3 EHTF CRISPR/Cas9 #HARBINIRL /N RAIRE 2 TRAG

3.1 AR FAEA R T @K ICI.BsAb % ADC %
FAE B Pk

ICI (& # 4T PD-1. 4T PD-L1. 4t CTLA-4 #0 4T
me%ﬂ@&m%ﬂﬁﬁfﬁ?%@%ﬁﬁﬁﬁ

R, HFENAETE LW #Z W E T, RN
R 3T Y T 40 B R S R . AR/ RAE AL ZE ICT
B Ra it EFEEZNES . X
KEA RS R AT RELEG L2 EFIT
G QNS I e Y L - P s A el = e
RORL , F RN AT 37 AL %, 0% 36 97 5 w09 18 AL A o
Flat, #EAREZERFE NEMEHARLNR
MREME R RIETHRT AN R, ZRER
I N F L E I K IR B A F R AR A R
ﬂ%%ﬂﬂ&ﬁﬁ%%%%%ﬁﬁ%ﬁ%ﬁﬂi%

&, T fm 3 T A B R JE T RER A TR TT R IT &
E%QWmokﬂwﬁﬁﬁf%ﬁﬁ¢Ama%%%
MBENEZNGZ —. ANBRMSE Wk E 4 f-E
9E Bk A % 9% %t [ (peripheral blood lymphocyte—

severe combined immunodeficiency, PBL-SCID) /M

uﬁW&Tm%ﬁﬁAw%% i ADCC i 7 & 1%
RPN B AL, ER R E R, EH R MR
B, Eéé?é%~%—hu14.18—1L15 A1 hul4. 18-1L2 & # £
HHEEET TR R BTN RA, RTA L
FENEFRMETHR2RLANWE T HE &
# I R — 5 W e KA R Am UL I

W & ADC By 2% 22, A JR Ak /N A% B 7 ADC 24 47 1F
Ao B LR B 25 % BB, ADC 2 4 1 T i B
FRUuMEERTEHRERFEIK, A HE
WRHEERG. EABRNDNRERF ,HRLET
RAFEADCHY N EBERGRE, EEAH ARFT
R . Blam, BHHRH A AR RERESE,
HER2 #2 1] #9 ADC 24 4 (4n wh 3k 470~ B 3E 35, T-DMD)
BTHEWAREMES, LR FFHBEARL LA
V& R 48 BT T, T HUE DC TR T 40 B B9 92 E
SqEEE, W, AR E RS TE AR
FRERARNEETITEACEH B EN FZEFMER
BEBIER, 9 IERZAH 56T EREX
BHIEZH
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32 ARMFHERATRK

ANIRA /N AR B, O Vv A o BO%
e BB 4 R R SRR R M A R AP R T B K e R R
TE G RAAMMBITAREZENEIRE, FHNR
BEfiaREEFELRF, @FFHARERLTAA, b
S, NIREH/N RAE T 7, Bl #m Tol 1 B8 5% 4R (toll-
like receptor, TLR)# o 7| B4 B & K 40 K & & L BRI
w7 mRNA J& ¥ & & A R W AR 6 TS b R
HRBLER

EANREEFERE LA, NBEANREH
JTRMNRATEMERZE B L. Flim BV
HIV-17" 8 2 #oi &7 LR R & ™ SARS-CoV-2™
A FR 40 R (CEA) Y

ERE RS R T E, B A AR R AR
/N BAE BT A X CEA By BP B 2 o, 0 T 235 F4F
FUTEE R R RN, HAERHFLFHER
HEHRETHERBERAGTEEEZAR LR R 2,
T Ky S B H e R R0 VR A AR 4R b 4R B e AR K M ST
BIE, —F I NHLA L H W % G/ R
A BERBETARMEERGNDECEER S
SHEEHERE D, XX T H LR b E HLA
AERENMELREG EaRNA B E EXEE, L
MAEAED T XLERAERERGEHL TN
T
33 AT &mmiaid it e AR RAER

F 0% R ENRA DN RAER B R I8 R 6T
lERAARGHMATEAZCFE. ZEER TN
Wz T HF & Fe 3 9E 3 CAR-T . TCR-T. CAR-NK .,
CAR—yST . CAR-M K Fif J& 32 | otk 2 40 B /2 0 B9 % Fb 37
A e mEm s, BRENKE EMWE REFALE
EETATY, SHRAMMAGIZRFE, AR
NREBRE—ANEE AR LR R T NIER AR
BH,EHRARGFUNSNE TZ A5 & 4 MR
WY 8w g Ao ry a8 2 R S 2 TME
FA AL A B o b

ERFE RIZFHRERE T, NRADNRER
BT HENMLE. CAFFEH Z R TME
Bl 4 % % 40 BB 30 &) 18 R Chn T 40 B #E 95 K 3 A
D, BB A AT R (WA ITERA ICDES
B3P A5 G AT R, T G BB S R A . AL,
GEAETGEHARETHEAE TEHRBEEXE
B, RE 45 A AL FF TN CRS B GVHD 4 5 % 9% ¥ vE &5 1
A8 KB PE B A BR R, A e AR e B R 45 ) 4R i
REHET,

RE NFEA/N BAE B %% 967 S A T
Z BRI AR MR R EMARAZE.

Blan , AAEERF RBEAEE FHRREEEUT L
S A B NK 40 B 3k BE 2 2 BT P B0 AL B K A R VE
btk &1, X R H T x CAR-NK 48 ffl = 52 1] 52 1K 98
BT RN T, M, HRFER AN T
& F ik A VB4 B E T (4 1L-15. IL-3. GM-CSF) 8 #t
—RALA K & F| F iPSC k& JR 89 CD34* HSPC 19 2 &
TEMNEA R Z R G, UL A AL A KB
B %% KR, S 4 BT B e R #E AL

34 AT RBFLFHRTOANRN N ZARR

ARG/ R AL BB 4 3% Bl R BT 2 PR A
SlER#EMEFHEORE, FIEENMAEFE
F 5 % % 2 M T AT R N A R R . 4T
Xt Atk 9 F M, A E & CRS #9 R T £ , PBMC A JE
N REHIEE A —HEB W lE K A, £E
A7 I = & LA R A R R B, AR PBMC A
A A & 4% bRk & I BsAb X CAR-T 40 J1 )7 % 5
FICRS RBL, EHKH#NZ, HEARE T k5%
Ao, R A RE AR g R IR
PBMC /)N ., & 2 WLl B CRS /™ & /2 & o /MK 8] £ 7,
X W RAR I % 2 & KURS A R TR CRS B9 3%
MR T HERN SRR,

TR R R RN R EM S E,BLT & CD34*
HSC AJBEAL /N R A i ICT A A 80 . E M % B K
i (immune-related adverse event, irAE) 2 #t 7
FEHABEMEAUNTE. B2 R4S LEEER
A R E BAFI A BLT N R R T 7 R A A £ 40
(PD-1 % 7) B AF IT A % 473 (CTLA-4 #7711y &2 4
M, ER DT ZHEA TR E I G R E A AT
REFIrAE, LRER B A E A& THEHIEZ
B, ElERANEREA " E—FHEST,

WA HEECRENEF"BELANEN, HE
R R R G AN RALN R F IE R T F A
RHF#HSE, BRI NEATRHAT ZMRE S
P A KHSC R, R E RE L — & R B ABF
B REANBRNDNRER T &, XA R AT
RN ETRREEETHARR N ZR, L
REFHALNBERIAENEREELE, AT E
ERAGYERENAR TG L LHES,

4 45 18

==

FERR, 2% R A RN/ KA R 4TS E B
BREEFH#HE, XFTERHETRHEAGERIE S
FHE A, BMANBAEA (Flinse L H KL S
A VR BE & 40 B T 89 MISTRG.NSG"-SGM3 F1 NOG™-EXL
REMERR), EERENRME R 4T @HA®L T
FNSG/NOG A, R I E i AT R RE R i R AN o
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R A . RE W, 7 FE— B3,
NSG-SGM3 A H L EH R I B sk ¥ F A 5 21 48
LB 9 D> o RO, X A K AR A R
BERHTHE. T-REENREEw R M,
CRISPR/Cas9 % st #t £ I w8 A Al T\ X #
AR 40 B F JHLA 4 F 347 & RORE F T4, A
RAFZAMEZNEZEHE ., B ERBEHER
B R UR Y iPSC A AR A ARG/ AR, B2 A
BAEKR. MEEAFRTIER AN &, X LER
HERBBIERBR, ELEBEILA L FZHMIE,

BRERZEERENFER AN, AFEAAN
REANWERLREEFE M EIEN AR ARG E LK
ZRRBAENENAGHEEN., YSAERALRET
B-RERAERHRERANER, MAREREKZ
S ELEBE . ZREWE NIRRT EEDR, Gl £
EEREANBRAEGR E . ME RS E B 5
ANIBEAAR 4 A, UL B 5230 B 3N 4 0% 40 AR 72 R R
= WE-GIEAR AR KBRS TR A,

5 E B, MRS 4E % 4 R A TR AL
KRAERAFHNEERB O, EFAM . RT%E
40 R0 P9 K 4R B BB B AR R R A A SRR R R PR K
BUEAHGXREN, ARBRALA TR AEE
B A, ANFEADNRA R ERER "R EY
“CHR- R EAERN A TRE S AW % . X
IE 18 M A0 B 7 2 AL ) B AR AT B AT o

MR A ERE , RN EHMEEITEA
BUNRELZANFABRAE T EMNT W, E2E
FEFHAF, AFEAD RAEITE R ZE R AR E .
CRS &% FEM L RIR R ERBEE 2 EHWHERA
TR, AR AT HEEG YN RAE, £ AT #
B AW IR I BT R4 B BBk A 2 R R,
T 98 A0 e BRI B 25 0 KRS FE A b BT 2 A K AR
ERERERR T, XKERE RN AT T
A AL EAGSHBARKEE A THICI. R
MR % 4 BEIE T SRR T T R I R AR K R
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