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Establishment of mouse models with a humanized immune system and
applications for tumor immunotherapy
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(1. Medical College of Yan’ an University, Yan’ an 716000, China.
2. Laboratory Animal Center, the Air Force Medical University, Xi’an 710032)

[ Abstract] The term “humanized mouse” refers to the use of a mouse model with human cells, tissues, or organs.
Transplantation of human immune cells into immunodeficient mice is an established humanized mouse model of the immune
system that effectively simulates characteristics of the human immune system. Indeed, it provides an ideal experimental tool
for studying interactions between the immune system and tumors. In this article, we review the construction method ,
advantages, and disadvantages of different types of humanized mouse models of the immune system, and further illustrate
their applications for tumor immunotherapy.
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IR A R S TR M) P e ok B s RS A
AR R M s 4 21 T2 s il T i = S R Y
RPERGE, LM T RPERTrITIE . A2
PFEGRIE /N UV N B RN T I 200 35 20 R 1 Y
LA, O A R R DI RE , I AR B /N BRUPR
HYPER NI/ B %A T AU A e e
205 e R e 1) B A LA AR R S iR T
2PWIRIBIT K 5 ek PR AP D7 10 B A 2R 8 AT
S, ASSCH LRI 0 RGN IR AL/ BURE LAY 26
B KA T30 LA KA B8 S 8367 v B

1 RERFANRUNREZHEE

A RS T T.B NK % 4
= 7z T TR AR /DS BRUSE 6 (7 4 2 5
fh & Z A NSG ( NOD. Cg-Prkdescidll-2rg™""/
SzJ )™ NOG ( NOD. Cg-Prkdescid 11-2rg™ Sug/
JicTac) ' NRG ( C. Cg-Ragl™™™ [1-2rg"™™'/Sz] ) 1
&, BRikz A, T N IEAL B NSG-SGM3 (NOD. Cg-
Prkdescidll-2rg™™" Tg ( CMV IL-3, CSF2, KITLG )
1Eav/MloySz] ) /N TA N TIL-3 ki 20 A 5 5 240 Jfd 42
% ¥  ( granulocyte-macrophage
stimulating factor, GM-CSF ) #1140 ifl [+, /17 A i
1L +41 AL ( hematopoietic stem cell, HSC) [ £& € A
AT 9K MISTRG ( MC-SF, IL3, Sirpa, TPO,

colony

Rag2 ™ TL.2Rge ™) ZNRURT 32 H5 55 i 7K - O B 41 i
B, 0EHE N A 0 A SR 4 ( dendritic cell,
DC) FE Mg 44k, It 42 ik NK Qi k&,
o1 T ER S YR N AT SR A A A /D LU 9 922 40
L, 368 S AR IR A = R AT R R D
BB 8 M BORY . TR NBSGW (NOD, B6. SCID
12y~ Kit™™Y ) AINEUR T o-Kit JEP 2848, 1]
SCRFIC AR BRI B i T AN A B R

Wt N i 2 8 A (N 7 v o S R g IR
Ak /N AL B 43 o = K 2% . Hu-BLT ( humanized-bone
/N BB B Hu-HSCs
( humanized-hematopoietic stem cells ) I Hu-PBL

marrow, liver, thymus )

( humanized-peripheral blood mononuclear cells) /) i
BA(E L),
1.1 Hu-BLT /NRAKE!

TAE I T RE G Y R R /)N B 8 IV B AE 7R i TR
AP B AL IR T B ARG M R R IR T 2H 2
(v P28 P O T 50 0 8 1 T — A 4 Ji T
TR A 40 . Hu-BLT /N B P BEAG
FISEEERY T 40AE B A0ML NK M A DC
LN 55 22 R N S e A, I 7T 7 A R Y 3
IR B LA, S N TR A 28 2 8 o A A S8 35 1/ Bl
BRI g A B AR R, Hu-BLT ACHL rhaf 3%
IATESE BN CD45™ 40 i, AR A1 & it 240 B Ay LE 51 24

R AR GEE RGN B R AL

Table 1 Characteristics of humanized mouse models with different immune systems

FH Models

LBEyRe

Construction methods

s

Advantages

Disadvantages

Hu-BLT

Hu-HSCs

Hu-PBL

A N e R R 3 [ B8 A T /N B
JRR I [ — A A i M B K U 1
B 11 RS AN N EER N

Co-transfection of human fetal thymus and fetal
liver into the renal capsule of mice, associated
with the injection of hematopoietic stem cells
from fetal liver or bone marrow of the same
individual into mice

TR R U5 T A AL 40 1 2 7 038 1K 1 (G-
CSF) 3y 5% i) MLV -8 L A7 M s i JL 25
1y CD34* HSC

Injection of CD34*HSC derived from

Human granulocyte colony stimulating factor
( G-CSF ) mobilized blood,

umbilical cord blood or fetal liver

bone marrow,

TESR GRS i 1% 20
Injection of mature peripheral blood

mononuclear cells

O BAZEMRERG

N ICIEVE YN} A
BT I

D Complete immune system

@ Capacity to
maturation of T cells in human

promote  the

thymic epithelium

ZEREMMEET, G T H
HE B 4NML BEANHE B NK 4142
Multiple lines of hematopoietic cell
development, including T, B,
myeloid, and NK cells

OF:Z2i-yi-Sil S

@ T 4R A AR AR
(D Simple transplantation

() Efficient and stable

transplantation of T cells

(OF =) NI] 8 ST

@ W% GVHD

@ Limited source of fetal liver and thymus
@ Induction of GVHD possibly

BRE T 20 % E A IR, T ik
4L, HEhE

Lacks of human thymus for promoting the
maturation of T cells, and thepresence of
limited and nonfunctional T lymphocytes

GVHD Sz, FBOWEE 3 11, Bt 5L i
I 32 B

GVHD reaction, resulting in a shortened
observation window period, and limited

study time
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H30% ~ 80%, 1M CDA5* 41 Jifd L 5 4 3 25% g &
% Hu-BLT SR A AN

MY ) B RR AR R B AR O R g R
g¢, R AT LR T HIVEY EDV S 2540 5 e Hl
AR 3 I 2R 48 S R S e IR T R A, (R LA
IRBEAHE LIRS, i EL i T AR 20 9 T 40
XN B EEALHMEAEMNEE A K (major
histocompatibility complex, MHC ) 1/} 8% 5 & B9 3 1
71, R Hu-BLT £5 0] BEAEAE A 20 J& )5 H BRE A
YIiaE £V (graft versus host disease, GVHD) , T
HWF 5B C57BL/6 /N R 1 Rag2 . IL-2Ye #l
CD47 £ H = 5 B4 5 1Y TKO-BLT BRIAEAL A Y
BRI 45 JE R &4 GVHD 4%, HAR 7 A4
R 20 M A e B A, S S O TR B BLT AL
1.2 Hu-HSCs /NR#EE

Hu-HSCs #5 Y S K 357 Az B AT 38 5 /) B
26\ ST e R A B iR /N B A AR B s I
IIRE , PR 9 N CD34" HSC (Al P8 T A9 G-
CSF 2 A IR B8 e sl s JLIFAS ) 76 24 h
PN 5 2 Ik kA s A R Bl B /N BRI
ffiZ & Hu-HSC K& WUAL4E T 410 . B 4/l \NK 2
JHL | B A Ok R By 3 R 48 ML ( myeloid-derived
suppressor cells, MDSCs ) F1H: Al 13 25 A 14 41 i 76 N
AR, B LEAEAJG S 4 J] hCD4S™ T 41
MIATIk 25% ~ 60% , #1 A i A CD45™ T 2 ffd i 1o
25% , b Hu-HSC AR g o)y 1)

AL ) O A T e I 2R 4 B G A i
HSC 76/NRARN E T & & ik iy, b /NE B A
PRET 32 , 38 H AL kA GVHD B RIFE & 1l K ik
10~ 12 JE™ AR HIV? EBV 2 S5 YL i 7
Rt i R G0 K B WA, 76 e S e 1697 i 5%
i B R FH A, SR, 7R %A% L v 5 i)
B REHAL AL B I R 2, WAE NSG /R
RMAEA HSC J5, 12 A A G 98 75 A0 & il A ks I 1
AT 200, H T 240 B0 5 A 680 0 R
B2 MR K HSC A AGET A NSG /NRUR  TRE
SN T 4008, 3SR M NSG /N
T NSG /N 28 N HSC IREA 7
1.3 Hu-PBL /NRAEZR

AR 4 G 328 e A /1N BRL 28 0 BOFE 7 A TR
ARFRJ HF 5%10° ~ 20x10° ASHTEEAY A PBMCs 4
K R B A% A /N B P, LS B0 0 Y R v
50% ~ 80%M) CD4S5" 4 AT A , 38 5 55 — JE s vl

AT CD3* T 40 i, &5 U B el K I 3 A CD3?
CD45* T 4ijfiidid 25% > >,

Hu-PBL /N H A A /] 5 28 55 19 AN TR AR/
R DU EHE T 40y 32 91 4R 3 H e i oh
fit, 5 CD34" HSC fiiA: T AMIAH EL , 24 G g B g /s
FASAE PBMC B, AT 20 i 3% g o i o ple ) ] o gt
RS RN T 4, S0 5% G R T 41 it ) 4
RO RIS R R ] A £/ R Y B4
JitL B AR AN M s A e e AN, (AR AL A )
IR B, BTN 46 R/ B A 92 4 M 22 ) 1
MHC AVCHEL i B EIEE GVAD J > 8
HWETEN PBMC {F41/5 4~6 J& B 3HH B (%) GVHD
SER, VAT AT 13010, (R AZ BRES7 (H b sk
357 AT DL o 20 NSG (NDG  NPG %) /MNER,
il MHC-T Bl 11 JE PR 45 2 2E K0 tesh,
FAIK PBMCs "1 CD4™ T i Jifd ) HE 9] o v S 5 ik 2%
GVHD J iV 8K, CD4* T % B 48 it 7 B L 61
FRAI S 0035 A0 R G 28, 3 1] BB 2 PR AR % 2 /N B AR
F 3 I

2 Hu-PDX &

FEF I PRI b A 33 57 1) PDX ( patient-derived
xenograft ) BV A GF (AR 37 T 5 & T8 AR AE (Ll T
Holle =z ARG 22 G0, TOVE B RR E B8 Y i e 4
MIECH LU A IR I W 9T, TR e RS N TR AL
INERUA N RS HEL AR G R ) e 2E 2T ST ) A
B FK A Hu-PDX ( humanized patient-derived
xenograft ) Rl s PRI AT ASEABL A v e g 240 L 5 e %
RG] BIAHEAE ], A0 S e 16y 7 iiE 5 T T
HAE 2 AN RS

Hu-PDX AL fry) 1 55 i Jg B AFL A Ak ) T JEE
TR BB VI SE . 0 Hu-PBL /)y SRS A 60 28 o 4
Y 1) 42, PR e Hu-PBL-PDX Y f) ) 7 3
JE SRR A MR 2L, 155 R AR AR 21 25 120 ~
180 mm® I, Xof/INERFEA T W BAEPE 4 U | R e
fikiE 5t A PBMC ; Hu-HSC /) BRUBE A By T GVHD 2
I A5 , SRR T AR AEFRIN TR 202 10~ 12 J&, BT L Hu-
HSC-PDX Y38 F JE ke A CD34" HSC B RA £
P R 5 A PR ) SR e B /s BRI 250 BRI
M\ CD3" CDA5™ Le il id 15% (1% Mo tt)m 12
JE) PR HEA R IR A2 AR A R )
AR R 2 1 B R 20 2 b BB A ) 1) A A i 4 i
FNAR L PR 745
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FURT, Hu-PDX A58 £ 1 ] T 22 Fh 36 20 1 i g
WEgEH QAR N A e 45 B B e R L =
BAPEFUIRE R EFRIRAE T SRR 4y iR
240 e it -5 AP SR AL B9 AR BRI, AT A 441
R BRsA PR BN JEAE | RAE MR N S5 5
TET LS R ) S e 1 i A fe e 6 2 B, 1 MR
fR R A R JR R R AL F 5 45 5 T B AT B2 10 7
FIUMEL, JEICAE T8 S 22 36 7 BF 58 T i, it BAE Y
PR

3 NBEW/MNRRBEMEREZSTARPHIERA

iR SR N T R 30 o B ML A L T R S S
o7 55 BEL DRI P38 e 8 b e | DA SRR A Bk . R
FEAR A PURSZAR T 240l ( chimeric antigen receptor
T cells, CAR-T) G B A A 5 10 il 770 960 )7 LA K 5 5
MR P P IEAR S 5 LR G T IEAF N TR AL/ R
BRI I LR S ety 9F S 1) BELAEL A Wfe PR AT ASE 2
7 2 Je H AT C A8 13 o AR AL /I BB R AE AN [ 26
T e S et k5 BT
3.1 CAR-T & HHIR A

CAR-T Zifid S 5 ¥y ik JEU BLAE T 284k B PR 2
P T 208, b LR 53 1 3t 3 550 e g8 A+ 5C Bt
5, A SBONE T 200 ) LS ) 4 AR R A0 0 M R4 A LAY
TR NI AR BUE M . HAT CAR-T J7 ik
I PR 22N T B AR EL R | L 25 IR
GEABME MR B TR YT A SR MR VAT Th
A&, N/ BB AT E W T4 Fh CAR
BT A HT R I 7 ROTAL . Abate-Daga 457 A1) F i
Ji#9 Hu-PBMC-PDX BERY, TF & 1 — it %o iy 1) i
TLHMEHUE (PSCA) (1 CAR, s PSCA E 5T
CAR [P e in sy AL PSR I 1 kg s 5 A
BIF 5% H 38 ik W 76 B9 S Hu-PBMC-PDX £ I,
CD27 REAEILII CAR-T 40 LARAT S i A Fp A
RT3 06 PEDY . WK, Hu-PDX BB Sy 37 £
CAR-T J7 3 78 52 M g v (9 A7 28 vk $2 3 7 7 19
Jrik.
3.2 MBRREARE S A 5 A B R

ity 4 i P LA o 2 o A ik R S R SR
P KR AT o 38 5 S iR Gl B 35 P 4 S ) 410
A 500 B e i s S 8 M P R IR AR 2 — |,
S PR SRR A mi, H A B SR RE A
A LTS ATV T K 40 TR 4 (eytoxic T
lymphocyte-associated antigen-4, CTLA-4) F& ¢ PESE

T2 MR- 1/ PR T 2 R-BL A4 1 ( programmed cell
death-1/ programmed cell death-ligand 1, PD-1/PD-
L1) . T e ERE H-3(T cell immunoglobulin-3,
TIM-3) T 40l 50 58 3R 25 1 ITIM 25 4 B8 (T cell
immunoglobulin and ITIM domains, TIGIT) | Ik [ 4
g 1% AL FE K -3 (lymphocyte activation gene-3, LAG-3)
L MERR RS 5 e e Bk AR BEE 3R -15 (sialic acid-
binding Ig-like lectin-15, Siglec-15) %, H:H CTLA-
4 5 PD-1/PD-L1 {5 il B AU 5T KA T 2018 4Rk
DURAE A7 B BE A 2 H RIS A A 0 50
WHFE F A PRI RS, (H i T Bk = K i sh )
BERPEA L RN G5 E , BT LURH DG 45 R IFAEA . 1
Z0IF5E C Ak S N TR /)N BRURE B A A P2 A A 410
FIWEFE o B R A #9140, Kenneth 270 [ F
EBV HIZEH IR 89 Hu-PBL-SCID /JN B Y S 07 2k
—HPIN CTLA-4 BT BEFLAR (MAD) |, 4551 BoR A
(7] BT A /N USRS rp 36 AN T 20 i A R RE B AT I
FH 2%, Lin 5P K # T Hu-PBL-NSI Fil Hu-
HSPCs-NSI' ( humanized-hematopoietic ~stem  and
progenitor cells-NST) PR A K /1N B I /IS 48 A fili
95 PDX AL 375 74X PD-L1/PD-1 Gy A
AABTER YT RO . W5 A B Hu-HSPCs-NSI /s
SRR EE , Hu-PBL-NST AL/ R R 7E e i #0 1)¥E
7 b s H B o B T i R AR . B Ab, Roberto
A A T = PR FL I Y Hu-CD34-HSC-
PDX #AL, Jf PFAl T HL PD-1 HUIA T 1A R
WS R, Bt PD-1 FUARIE 7 AT b 25 40 ] Jieb 77
AR T e R I LR

FAEFR o NEAL /N BB B AE 52 1R 97 op U
T ABFE—IUEE X /N At 88 Hu-PDX 455 Y
AIBESE b & B, AN TR R B CD34" HSPC {4 H 28
B9 NIEAR /IS BUBE X B 8 A6 A e 410 10 50096 97 1 S i
A X 5 i R F X 5T PD-1 R Y7 B AN [A]
R SE— B, I HAE N /N BB AL b S
PR 2 5 T RE SALAM T A0S 2 A 26 L B,
NUEA/ N BRRSE B AE i 8 B 5 16 9 v B 1 T AT 9K
B — 2 i
3.3 REZEERTHHEA

WL T A L 0 ) 15 5 9 254 (514 PD-1/PD-
L1 7 ) 0 I R AT TR i S 9 7 12 Fe i 1
RO HEZIR Y7 RCRAT IR, 3R G S2i0 Y7 vl g B
A RAFIHTIPRI L RE . 2019 4F 3 F 35 FDA 4t if
T PD-L1 #1155 Atezolizumab S KFEIATE . F40
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Table 2 Application of humanized mouse models in tumor immunotherapy

S hE NG At/ ZH 21 NERTES B EIRTT IT RGN
Cancers Human immune cells/tissues ~ Mouse strains Immunotherapeutic methods References
E%H’.%E' PBMC NSG CAR-T 0371
Pancreatic cancer
g, R PBMC - CAR-T (8]
Ovarian cancer
N . - GRS AT (BT CTLA-4 HU4K) (391
PBMC NSG . . . ;
Lymphoma Immune checkpoint inhibitor (anti-ctla-4 antibody)
154 e
%'EHH@E_ PBMC NSG CAR-T/PD-L1 (41)
Renal cell carcinoma
15 P
l?ﬁ{; PBMC NOD-SCID CAR-T/PD-1 t42]
Mesothelioma
S5/
i ,'E’r PBMC NSG hCD137/PD-1 (31
Colon/gastric cancer
/N s FER A SN (50 PD-1/PD-L1 i
/A i DM D e - SoAERAE £ (B T ilk) -
Non-small cell lung cancer Immune checkpoint inhibitor (anti-PD-1/PD-LI antibody)
S SLE N ) REREAE S0 PD-141
. m&?mﬁ( CD34* HSC NSG ﬁ'ﬂ&’l“/?; Mﬂﬂfﬂ(ﬁ ; Bitk) . [33]
Triple negative breast cancer Immune checkpoint inhibitor (anti-PD-1 antibody)
Y Pz
HER CD34* HSC NSG PD-1/CTLA-4 [43]
Lymphoma

FHF T2 00/ i i 9 3 i — ZR3A07 , R AR
BREIRYT ARG N M 2.0 B, AEAR/N
S T FHr CAR-T 20 i 5 o (A 1] 4 8 4G A
SR (40 PD-L1 A1 CTLA-4) 1% A ¥R J7 1Y 3L
U Suarez S5 ERE B MR 55 W A0 L A0 AL g )
TR AR /N U i CAR-T 40 B A 8 46 A 45
PHIFIEATIR AR YT o 3 S0 B ) A BT Alk 92 15T 6 11
CAR-T 404 AT 433 A$T PD-L1 Bk, LAFEAR PD-1
A PD-L1 AHEAE A S A A S0, 54008
CAR-T 2 Zb PRLLAH LL , 1566 He 28 A A o5 BELIKT 77 7%
AT R SR BT IR 4 HT . Leonid 2512 i F g i fi]
FeIR i R r/N R RE 5T PD-1 A 09 T 4 i 528
Ej1a) fz Z ML 9 CAR-T 4UAE 2 18156 &R, i 98 45 21
SR IE it BHEE PD-1/PD-L1 7] LA 58 CAR-T 41 it 4
JrRk. BANREIRIE, 7E EBV A& B R 1Y Hu-
HSC-NSG #HIrf PD-1 FIl CTLA-4 BHW AR AR &
BRI AT E I H EBV A A RIEPE R B 40 itk
A A I H R BT IE G FH 25 0 4 g R A
FHZRITE A, A6 NG5 i A1 Uk A Hu-
PBL-BRG /MR AL BT A CD137 14t PD-1
FABTI AR P ELAT I 2 00 o) g A K P RO s R AR
FHTEF AN B4 2UM | & PBMC #4819 Hu-PDX
BRI ARAT AR R A R

4 RERMERES
TEFEAE SR T BB AR, NI/ R B 2

P WAL AT R L) g8 A S IR
SPIARCT B, (HZ R i d B AT AT 2
BRBE N A 9% A A S5 RS A R 2 T] Y 2H SUAH 25 M 1)
R /N BB B T 51 TR B 928 2R 0 52 W) N A 5 40 TR 4
AR Z PR S 0 A K DR R R i Y
A A XS R B IR/ BB RN BESE 4
5 R R — AT T IR . A IEAEWE R T
— TR /N, 045 MHC 3 EAR A /N R
) B R A A0 B9 AR S R T B o (signal
regulatory protein alpha, SIRPa) %% 5E K /N L4 D)
Bl ANV A0 ML 40 1L-2, IL-3, GM-CSF , SCF %
/N A B Ao A S ] 5 L ST R B R 7K
- L B R S AR I R

AR /IS B B 75 i IR S 58 36 7 F 52 v By
— N AT B DRl PRIG YT TR A AR A TR, S
FR B 0 A b 7 W LAk Rl PR S 7 8RR 4 T
R IR )T S SR T A & RS
VR DU S AR A ROV TR, 2, TR
A/ BB B 14 S DRI 0 A LA R A i 988 B 922 3 7 40
S R3O, g S Js A SR8~ A PR IR 27 42
BERTIT R A AT 6

S 3k
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