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Construction and application of myeloid—specific SOCS3 gene knockout mice

JI Chen—yan, LI Xing—chen, CHEN Gui-dong, YU Jin—-pu

(Cancer Molecular Diagnostics Core, Tianjin Medical University Cancer Institute and Hospital, National Clinical Research Center of
Cancer, Key Laboratory of Cancer Prevention and Therapy, Tianjin"s Clinical Research Center for Cancer,Key Laboratory of Cancer
Immunology and Biotherapy , Tianjin 300060, China )

Abstract Objective: To construct mouse models of cancer with high infiltration of eMDSCs through myeloid —specific SOCS3 gene
knockout mice based on the Cre—loxP system. Methods: SOCS3"™ mice were crossed with Lyz2—Cre mice to generate myeloid—specific
SOCS3 gene knockout mice.The genotypes of the offspring were identified by PCR, and the knockout effect was verified by Western
blotting.The proportion of eMDSCs in the bone marrow of myeloid—specific SOCS3 gene knockout mice and their inhibitory effection T cells
were detected by flow cytometry. Based on the myeloid—specific SOCS3 gene knockout mice, three kinds of tumor—bearing mouse model s
include breast cancer,lung cancer,and melanoma with high infiltration of eMDSCs were constructed,and the infiltration of eMDSCs in
tumors was detected by flow cytometry. Results: PCR results and Western blotting analysis confirmed that myeloid—specific SOCS3 gene
knockout mice were successfully constructed. Flow cytometry results demonstrated that the proportion of eMDSCs in the bone marrow of
myeloid-specific SOCS3 gene knockout mice was significantly increased(1=17.94,P<0.001 ) ,and the eMDSCs significantly inhibited T cell
proliferation(z=14.21, P<0.001 ) and promoted T cell apoptosis(¢=13.53, P<0.001 ).The number of eMDSCs was significantly increased in
tumor tissue of three types of myeloid—specific SOCS3 gene knockout tumor—bearing mice with melanoma, breast cancer, and lung cancer
(1=24.14,24.56,14.93,all P<0.001 ). Conclusion: Mouse models of cancer with high infiltration of eMDSCs are successfully constructed
by specifically knocking out the SOCS3 gene of mouse myeloid cells.
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SCs WFFE A e BRSS9, 2B 3 e At
() AT1 ZL BRI /N BB Y vk B — 3 3% T AR AIE Ry
CD11b*Gr—1"F4/80-MHCII ) eMDSCs, 5454 MD-
SCs HH L, 3X #F eMDSCs H A S5 119 G ze i il T e
HAEREAS B4 M CD11b*Gr-1"MDSCs, H2EH W5
RIL,SOCS3 H [F 2 Ik B AT BB S M 6 25 AH 41 Mo 1) 43
b 2 E eMDSCs 724210, LT BRI, 25 F
FH Cre-loxP RGEHEHE R FEFME SOCS3 KL i bR
INER, FEXTHAZFP LI 0771 4HA i Lewis 4
JfL A5 ZRR B16 AL, #4 3 F eMDSCs 1= 1
FROTTIR UL, M AIFSE eMDSCs (e E M i 431 HL
HIFHRZRET X eMDSCs HHE ) 245 1) fit 1 J 2 iy 52
1 #R5HE*®

1.1 A

111 S2EshY 7 2 SPF 9% SOCS3V 2441/l
(4 HfE 3 B ),6~8 JEHE,18~22 g,1 H SPF 2% I 1
Lyz2-Cre f,7 JE#%,20 g, 0T ME ALY
ARA PR F[SCXK (F5)2020-0006], P/ flL s 1%
5 N CSTBL/6]., SPF 284 R C5TBL/6] /Nl
M HES 3 H,6~8 JEIY,18~22 g, g [ 357 D147 (b
O AEYFARA PR FE[(SYXK (5 )2019-0010)], JiF
A5 HE /N BRI 5 R R R A iR = e S 56 3
Py AL [(SYXK (3)2017-0005 )], 4% 18 SPF 2% by if:
3%, iR (23+3)°C, 12 h G IR/BBEIEER, 3 i B
B VKOK, B4 52 5 28 R B B2 g 1< B 2l
SIS PR B s vE (AE-2021013 ), I 44 IR (5256
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112 ZER A/ LR B0771
R B R AR B, 0N BRI R R LLC
(Lewis lung cancer) ZHMREIE B ™ INFEEAEYHAR
HIRAHE, /N A2 B16(B16 melanoma ) 41 g
PRI B ATCC, & & 10% 5 4 13 (FBS) 1
DMEM B5 35 5T 37°C . 5%CO, THIRIE R 55
1.1.3  SZmAFRl P DNA BEB R (R
RHLA PR 7] ), DNATrziol (Invitrogen A PR H] ),
RT Response Kit.SYBR Premix Ex Taq I (TaKaRa),
CD11b Micro Beads . Anti—-Gr—1 antibodies.Anti—Biotin
MicroBeads (& RIEAEYIA PR F] ) , 2120 il 4 ik v
(B =K ),GAPDH Hifk SOCS3 Hik(CST), i i
1eG BgBEPiIR . 2P0 1eC Hgkehiik (hE4
) , Percp—anti —CD45 P PE-anti-Gr-1 PLiA .
PE-anti—F4/80 Hi{& .FITC-anti-CD11b $i /& FITC
BrdU Flow Kit,Apoptosis Detection Kit(BD A BRAH]),

APC anti—-CD3 /A ( Biolegend /3 F] ), Dynabeads®
mouse T—Activator CD3/CD8( Gibio, J5[E ), T Cell
Isolation Kit (MiltenyiBiotec, 3¢ [E ); UG E & PCR
e (AB7500, Applied Biosystems, HE ), i PCR
1 (BIO-RAD, £ [ ), 1b 2% & S BE I 15 53 B 4L
(BIO-RAD, %[ ),

12 7%

1.2.1  SOCS3" /Nty g: sl EWfE Bt
IR/ BRIER 4 SOCS3 K ) DNA FF51), FFAR
Pz 7 A AL G R SR R A AN S PR A TSR . Tl D)2k
fegA, 8 i 2L R LA ARG
TAMMICES 2 ), Hm it 25 Wi TPt vt . i
PCR %5E [RUR TR ES 4 el , i 4d Southern E[)
A BT A TR o 3 B A P R AL ES A
MR AE B IE b, S5 RS A ARZE B R T8
WA A /DR KL S flp TR EACEL, 3K
13 EBRPTZG R 1) SOCS3" /Mo

1.2.2  SOCS3"/NEHYYEE  SOCS3Y/) il 3k P 75
W TTRATE o RIS — L3514 F1(5'-GAAGATCC
CTGATTCCCGTCATACTC-3" ) fI R iiE51 4 R1(5' -
ATGGGGAGAGACACAAGAGCCCTA-3") JHTH IR
PCR Jifizk, kA EAEMILF ) 240 bp FBARERH
PR, X3 B 1) F2(5'-CTGGGAAAACAGC
CATCTATTCATCC-3" )RR 49 R2(5'-GTTGTTG
CGTCTGCCCCAAACT-3")FHT PCR PR HfIA , AFH
PEAN R H R B LTSRN LY 324 bp A B
1.2.3  BEZRFESEPE SOCS3 KW MR /N R EE
SOCS3"-/INEL A 38, PCR %52 F2 10/ R, O 2 1
SOCS3™M /N, KF SOCS3™ /N Lyz2-Cre T H Y,
ZATHRAS F3 A SOCS3V LysM—Cre™ /Mo F3 A7V
AT AZE, RUEE R FR5PE SOCS3 L A m b /I B
(SOCS3"LysM—Cre” /ML, SOCS3X ).

124 BEZRFEE SOCS3 KL A/ B %
1.2.4.1 DNA $2HC HEURZTCHE EP & B HATHE
AE TR AR, 10 000 v/min 2520 1 min, i FI5 G
B 200 pL 24357 0, 72 BIRARE - IIA 20 wL
A K,IR%),56°C 1 h,J5 95C 5 min Kk & M
fif} K, 12 000 r/min 250> 5 min, B3 255857 ) JC R
EP &, 4°CUKFIICE & o

1242 PCRPHE PCRIKRN 20 pl, MNEHHR
DNA 1pL,2xPCR Reagent 10 wlL, iF 17 5] ¥ %&
0.5 pL,DEPC 7K 8 L. ffif] PCR # M4 {UIEIAY 1,
FNE S TS 94°C, 3 min; Z8PE 94°C, 30 ;1B 2k
55°C,30 s, H X 40 PMEH; (LA 72°C 6 min,

1.2.43 BUigkEE Ik B PCR 445774 8 plL ik
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1.2.4.4 SOCS3% RELFH%E  woext F4 18/
FEAT SOCS3™ /N FRSEE , SR 5 B3R SOCS3™ /)y
FREAT Cre M%7 , B LysM—Cre™/NRSERE , B BL
SOCS3"LysM—Cre ™)™ L1 22 MU 317 SOCS3 Hik
PRI B 5 2 o SOCS3M /)N R I PRI 21 5 v 25 SR H 0 - |
WEs 1My F2 A1 R 510 R2 FH T4 SOCS3™ /R,
PCR &5 5 H 5 - (1) HAT— 457, K/NR 324 bp,
1 SOCS3™M /N, (2) HAA—M4571 , KV/INA 186 bp,
FEFERUIN . (3PN Z8A1T, 2031y 324,186 bp,
H SOCS3V/INo Cre PR A 422 : B F4 {{ SOCS3™
/NEREAT Cre JERI A48, PCR 45 5 ¥ . WA —
G5, K/INA 204 bp, A LysM=Cre™ /N, Cre 3
Y B S F 5 A 5" -GAACGCACT-
GATTTCGACCA-3', FilE5 491750 5'~GCTAACC
AGCGTTTTCGTTC-3' . )7 Bt SOCS3* BRI R 4
AT 478 , PCR 255 - (1) HA —AN 401, K/
4 324 bp, Cre FERFZIEAHI) o (2) HAT 5407 -
520 bp,SOCS3* F. #E R AU SOCS3 F U 151
Yk Biis 19 F3. LS P2 AR RS |9 R2,F3
FF31k 5'~ACTTCACGGCTGCCAACATCTG-3',
1.2.5 Western EJ3b i F & A 85 H B4 1590 19 &5
H 24 o B S . R PR 105K A
S5 TR e I HL VK (SDS—-PAGE ) #EAT 43 15, B4 &
PVDF [, F 5% Wifg 4= W3 P41 1 h, F-7E SOCS3 1t
R T 4CHE R RIGEEER T IABHR
1 E A CHRP)FRICH) B 40, IR E 1 h,
FH Chemiluminescent HRP Substrate ‘i 52 .5 , #)
FH Tmage J BX4FE 8404 SOCS3 3 HIAA T ik it
(34 GAPDH),

12,6 WA BUNEEEE, A 70 wm JER
UEIG SARLT AN, PR 70 wm JE ML UE , PBS i
PEIEHE 5x10° /100 pl F4:, FaE I 100 w8
BEANML B0 5 o MR L e i B8 S b A i
PBS JE 5 i 5x10° 4M100 pL # &, w40 100
WL R 2 B SR A R R A T . ZE A T A A
Percp—anti-CD45 HTA& FITC-anti-CD11b HTA& \PE-
anti-Gr—1 A . PE-anti-MHC 11 ${4 .PE-anti-F4/
80 HLIR S 2.5 pL, EHHAEERIFE 20 min,
PBS &7k, WA AR

1.2.7 Annexin V&0 T 40081 B T 45
CD11b*Gr—1"HY B &4 I .SOCS3* [ eMDSCs IR
Jf7 eMDSCs $2H8 1:3 Fufil bl ss, REaead i
CD3/CD8 HLARHl 3 T A ffLi&fb. 72 h J5YHE T 4
Jil,PBS ¥k, 454 %% M dR 2x10° /100 wL

ik, M 100 wL A T CE A . A 2.5 L
APC-anti-CD3 HiiA, Z B 20 min, PBS 3
YA 100 pL 25 5% il EE AL, A S pl. Annex—
in VAIS pL 7-AAD, iR ESCHFE 15 min,
2 SRS

1.2.8  Brdu Kl T Z0AE385E  # T 40085 CD11b*
Gr-1BE R 4 .SOCS3* FUHBEH Y eMDSCs |, I8
A7 eMDSCs #2118 1:3 Hefi ALl , g fEdon
CD3/CD8 HTAAHil i T A ffliGfb. 72 h J5URE T 44
JL, PBS VG VR, 456 S8 iR 2x10° N 4EfiE/100 wL
FE, B 100 pL Bl FiAE & M. A 25
pL APC-anti-CD3 $i{&, Z M H 20 min, PBS i
o A 100 pL Cytofix/Cytoperm Buffer, 4°CiEE 57
H 20 min, Perm/wash buffer 578 A Cytofix/Cy—
toperm Buffer Plus 100 pL,4°CEEIFE 10 min J5,
Perm/wash buffer J§¥E. MIA 100 L Cytofix/Cytop—
erm Buffer,4°CREYEIFE 5 min, Perm/wash buffer 1§
¥Eo A Dnase,37°C/KIEM7E 1 h,Perm/wash buffer
e INAFG R Brdu $TK 50 wL, EIEEHLHFF
20 min, Perm/wash buffer &3¢, 25 RS,
129 Pses BT EE R BIN E0771 il
FERR 2x10%(120 e H), B F LR AR C57BL/6)
/NEROWT B AT SOCS3 Bk /N B CHEE , 6~8 %,
18~22 ¢) 45 4 FUBRAE Wi E I, ¥ LLC #% 1x10%
(120 wL-H) B16 #8 5x107(120 pL- H), KT
PR AE /N BRI SOCS3X /)N L i, 6~8 JEIH
18~22 o) I ia, 5 3 d WL e A Ak KR B,
MR AR i AT 3 A A MR AR, 4
il e AR R 2o A AR =abY2(a AR b Ny
AR o

1.3 “itFam ESSMTH R as 3R
7o A BRI SPSS23.0 Fl1 GraphPad Prism 8 %K
PRAL TR, 2220 18] Fo A0 R B0 PR 3R 5 22 0 #r , W 2L 1)
FEAECR IS HEAS ¢ K. P<0.05 22 R B A ST
2 H#R

2.1 SOCS3" R g SOCS3V/N A4 i 7 =
wmiE 1 PR W ER/NRS flp TR RASHD, A5 2
MPr2h LAY SOCS3" /L 7 H

22 PCR %% SOCS3" /)RR kg
SOCS3"/IMR, il ik PCR X X3k — 647 %50 , B bk
W TELE TR PHPE RN, XX R E
RS SOCS3" /N A& 2 Fi, F1 4% SOCS37 /)
B X I — B9 14 72424 240 bp i1 166 bp Hi%s DNA
B, KB 9 0 324 bp Fl 186 bp M 4%
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DNA F B, 5 W45 - —20, 1 WT /N BUX 38— A9
P —2% 166 bp [ DNA FBf, X9
W= oh—2% 186 bp 1Y DNA Fr Bk,

23 BEA4FFESOCS3 ARMA DR ER R
RSt SOCS3 FEP bR/ B 2 oy X 3 e
IRo ¥ SOCS3"/NR AL, BURAFIFAU/INRSET T
PCR %78, ik th SOCS3™ /N, #S0CS3™ /MRS
Lyz2—-Cre T.H. R T F3 A SOCS3"LysM—Cre*
INERo K F3ARINEET T F 3SR R 5 SOCS3
FEPRRIR /N (SOCS3M LysM-Cre*/ N, SOCS3X B,
2.4 SOCS3Y /NReg% R SOCS3 /Nl
H# Cre ZERH SOCS3Y /INER,, FLIE R 761 Sy SOCS3M
LysM-Cre", Bt F4 f/NREZH1T PCR %7, Horr
SOCS3" /N 1 7 W)l — 25324 bp 11 DNA ¢,
X EiR SOCS3™ /N LY Cre R HEATHE— %8,
P4 ) ol — 45 204 bp DNA F B it/ BRI Hy
SOCS3% /NER, VLIl 4A 4B, SOCS3% /NI SOCS3
FE PRI 2 A0 P S e b, HLSE PR AL N ] 4C
fizs . i PCR XF F4 48 SOCS3X /) L) ff 25 41 ity

AT T Y08, S350, 978 3— 4% 520 bp
) DNA F B, WK 4D, Z5RB7R, 5 Cre T H EAH
H,SOCS3% /N B R 41 il SOCS3 R B B #
REAIG, A ZHZE B R A SOCS3 R FRIA T ik
FAEAk, ULIE 4K,

2.5 #E & SOCS3 A& H 49 SR AL 3 eMDSCs 89 2 1%,
Fo o g A0 H) EME W SA R, TERERR SOCS3 3
HE /N BE 2N CD11b Gr-1"F4/80-MHCIIT-
) eMDSCs LU i 3 T i=i[ (10.54£0.50 ) %ovs . (40.5+
2.85)%,t=17.94,P<0.001], 5 CD11b*Gr-1*4fl i tH
F, iR I 457 e MDSCs (t—eMDSCs ) ] i 2540 il T 41
Mot %E [(18.8020.76)% vs.(9.54+0.67 )% ,1=15.95,
P<0.001)], fiE#F T 2 il 8 T-[(8.33+£0.75)% wvs.
(18.69+0.61)% ,1=18.48,P<0.001)], SOCS3* /N
i H 43 17 eMDSCs fie 528 30 4l 1 P 5 i 98 D of
eMDSCs AH{RL, AT 4] T ZBAEHE5E](18.80+0.76)%
v5.(9.95+£0.77 )% ,1=14.21, P<0.001], {2 T 41l i1 I
T= [(8.33+0.75)% vs.(16.9+0.79)% ,1=1353,P<0.001],
DLESB.5C,
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900
700
S00
300
324 bp
240 bp N
bo Q100 166 bp bp 186 bp
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Fig 3 Construction of myeloid—specific SOCS3 gene knockout mice

2.6 #E & SOCS3 A& W oy sk IR IL 3t IF 78 £ K Ao
eMDSCs #9728 AHJH eMDSCs (= 15 18 A4 far 78 FRL
FEAL 435K B16 . E0771 5 LLC 4 fAh 3] WT /)
LA SOCS3% /NEUR T o 255 7, SOCS3R 41 ) 2
4 297[(931.40+145.50 )mm?® vs.(293.60+96.16 )mm?,
1=6.90,P<0.001]. FLI#HE[(377.9£36.12 )mm® vs.(139.60+
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T A:F4 R/ SOCS3™ SEH 1) PCR 4578 4554 (2.,3,6:S0CS3™
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Cre ZEF 9 PCR S/ 45 9 5 C: SOCS3X /)N RUBE 22 4 A4 4 1 10 055 D
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Bl 4 SOCS3* /NREFE
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FigS Effects of specific SOCS3 gene knockout on the production and immunosuppressive function of eMDSCs
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Fig 6 Effect of SOCS3 gene knock—out on tumor growth and infiltration of eMDSCs
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