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Lck/Y es HHGHT R4S ZURR DO(E E v i Mo Ak
TR AL 5E

T OOk, R, AR, X 5 Pl A
(EMNEFRHFE, WS ,264003)

WE BH IR Lek/Yes HHICHT R K 20 BRI (Lyn) X 220 (LPS) 175510 F RE A M1 B AL 7R B Ll . sk I
BSMBI-V2 B il 14 PN YT B i) LentiCRISPR-V2 BURL, I IS 19 DNA Bt , FH T4 7% B2 %5 B2 U0 TR 5 Lyn-sgRNA, il 4%
Lenti-Lyn-gRNA 1855 7 , H] Lenti-Lyn-gRNA 18 % % 2 4% THP-1 41 i 8145 B bR Lyn 35 K A THP-1 B bk , 15 8 58 2 35 Lyn 1Y
THP-1 B FEREANMIRE (Lyn™) o SR 100 ng/mL )% g (PMA )53 Lyn BF A2 8 (Lyn™") A1 Lyn™ THP-1 4111 48 h 534k MO F 105 4
Jid, A 100 ng/mL LPS 5 5 MO EL W4 24 h B A M1 ELWEANAL . 38 2 2 S ST 72 1 PCR (qPCR) Rzl MO B Wi 41 i b 73 ) 4
A Z oaM(CD11b) | FH WA LR CD6S FEA A 4 i /0 L i i CD 14 U335 o qPCRAS IR A= 18 THP-1 40 i 43 AL il M1 4 i
(Lyn“"-M1) ¥ Lyn 323k , Western blot £l Lyn""-M1 4Hi il rP @& fb Lyn (P-Lyn)/Lyn. qPCR A5 IUEF A= Y G Lyn 2 KA THP-1 4
M3 A ML BEAH L (Lyn™- M 1) — % {0 A5 B GNOS) L 14 & (IL)-6 L 7-10 (CXCL-10)mRNA 335 ; Western blot £6;
W iNOS 25 13235 K Janus ¥ 1 (JAKD) 15 5 56 5% 5 56 SR 3006 B 7 1 (STAT {5 538 B% AH 9 43 F JAKL B iR £k JAK T (P-
JAK1) FASTATL W21k STATL(P-STATL) M8 HFRIA . WA M ARG M1 F g 4t bR iR B bt e 73 A6 7% 80(CD80) i K ik .
SR NI Lyn BATT A MO . Lyn”-MO E W4 CD11b 32158 W] 5 T+ (P<0. 000 1), W M1 E W4/l 4
16 M1 B BRI Lyn (9 mRNA 13 1335 THE (P<0. 05) , Lyn AR JE M1 AR M A M AL o RBR Lyn M6 M1 E 4R iNOS |
IL-6 ,CXCL-10 1 mRNA ik (iNOS [ 7R 1 #i5F1 CD8O0 1761k (P<0. 05) . Western blot &z 45 5 W7 Lyn wt B3 J5 410 i M1 1
MHE JAK] FI P-STATI F9 R 13834 (P<0. 01) . %51 CRISPR/Cas9 Fill%: Lyn J5 . M1 EL WA I JAK/STAT {553 % v (19 6 5437
JAK1 5 P-STAT1 2 3A /K V-1 2 F IR (1% [, M1 038 200 R 554 430 PR iNO'S L IL-6 . CX CL-10 mRNA % CD80 F ikt T, ]
i S 38 o L 7] PR JAK1/P-STAT1 4549 JAK/STAT 15 538 5k ST LAY -

FEIF Lyn P ; THP-1; M1 VEANI ; CRISPR/Cas9; 18 14 98 4iF ; JAK-STAT {551 %

FESES R392.1

XERFRER A XELHS 1000 - 1492(2026)02 - 0209 - 08

doi: 10. 19405/j. cnki. issn1000 - 1492. 2026. 02. 004

R S E 2 o RO A Y JRE B N v e 22
PSS AY RN oy FALE Y AR RAE N R, &
BE AL M1 T A0 ] R R R AR 8 1 4 i P
F, RTINS AE Y HE e AR . Lek/Yes AHOGHT
U T 22 iR P4 1 (Lek/Y es-related novel protein tyrosine
kinase , Lyn ) 1 Ay 3 52 {4 5 i 2 1R 5% 1 5% T A b1
TENG L AAE T R EEAE T . DR 7R W], Lyn Y
FEIR IR L i 1 B R A0 B i D REAR S B DI AH G .
Lyn 7] 3l 15 3 3% # [ 1 «B (nuclear factor kappa-B,
NF-«B) . 22 24 5L 1% 1k 8 1 ¥ i (mitogen-activated
protein kinase , MAPK) % [ , W 2 ft. MyD88 % T

2025 - 1228 $1i
BB H - [E 5 A SRR RS G (45 - 82270305)
FEFTIA T R 2 B A
I, 55 Bz, B A S8 A5 E A, E-mail :
sunyy21len@163. com

WIS L5 T Ja B RAEAS 5 IR, AR 5 7
Fik, AT M1 B B I 40 B 0 412 48 4 5 1 2%
BEAb , Lyn i85 5 9 45 5 05 40 B A0 75 W 2 BE 5 40 g
7 0 b ok A, R 5 O 0 B A £k 11 B 2 4y
T BRI, Lyn JETE M1 %Y 120 M Ak i Bk
BLA A T2 WA . 36T 00, AR5 45030 Ao 0 o 14
2 Lyn W%, BRAFR ST HLAE M1 AU H 05 20 i i Ak
(R FH B ML, DA Ry 0 1 08 R P 5 05 1) s BELATL 1
FEMT S5 1R TT R TT K SR AT i B AR A

1 HR5H®

1.1 ##
L1.1 #@mpef ks ANFPAZA06EZR THP-1 401 &

FENG B 240 i HEK 293T 40 fd g [ 26 [ 121 # 7y
KRR 0 (ATCC) o 2 38 3R Al 258 iR
A0 5 5K < JBURE lentiCas9-Blast ( 3€ £ Addgene 47 FR
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INE] L BRS  #52962) 5 pMD2. G Fl psPAX2 ik 44
1.1.2 E£ZRXAAMNE  WBIEES (phorbol 12-my-
ristate 13-acetate , PMA) | J§ Z B (lipopolysaccharide,,
LPS) . 100 mmol/L PMSF . RIPA 2L . 5 [ W R 1§
3 KR A 4 (All-in-one, 100x) (JL 5T &R E T FHE
AR HE L S  P6741, 112020, PO100, ROO10 .
K107680P) ; Lyn . i i 1 Lyn 3 /i (phospho-Lyn,, P-
Lyn, Tyr507) . B-actin ( 3€ [ Cell Signaling Technology
INE] RS #2796 #2731T #4967 ) ; W R AL Janus 4
fiti 1 (phospho-JAK1,P-JAK1) JAK1 (Bt M ER A & A=
YR A R A A, B85 0 YP-Ab-14315. YP-Ab-
14225) ; Wi R 1k STAT1 (phospho-STAT1, P-STAT1) ,
STATL . FT J5 43 4k 7 80 (cluster of differentiation 80,
CD80) (RN B & w AR H A WA A, 75
APO135,A19563,A23729) ;RNAiso Easy .81 %% 5% i
# . qPCRI&F ( H A TAKARA A ], %5 : TCH020
RRO37A .RR820A) g b5 f¥ (% 1= Tecan 24w , AL 5
Infinite 200 PRO) ; qPCR % . B & PCR ¥ ( 3¢ [&
Thermo Fisher Scientific 23 #] , %5 : QuantStudio 3 .
veriti Fast) ; BE 6L (i EhFI R 22U A FRA
HIZ- . GenoSens 2000) ; H1L 3k 1 (35 [E Bio-RAD 2\ |l ,
145 PowerPac™ Basic Power Supply) , Jit 20 40 g {2
(EEBD Y H] L S Accuri™ C6 Plus) o

1.2 FHi&

1.2.1 8 Lyn REHEAME  ARYE NCBIEUE1#
WA Lyn 3& R g5 751 [ Gene 1D : 4067 , 5% 5% A8 < Lyn-
202, ENST 00000519728. 6 5 By F #£ & % it F &
(https: //chopchop. cbu. uib. no/) |, #4fff CRISPR/Cas9
A ) TR DN A RIS R T A A T R A
Lyn JEP 1) sgRNA JF 81, JF3E 10 5845 1 HOAH Bz 1Y 2
SXHANFES . g BsmBI-V2 [ 1] LentiCRISPR-
V2 ok A5 BB S (9 DNA F BEdE AT B i b st
JRE LK o Bl UT R T AT B RIS, 4 Lyn-sgRNA #E47
iR ko, FE R ok ORI BURE DNA B Bt 5 4
BsmBI # & W VI (BsmBI restriction enzyme,
BsmBI) Y 1 37 A5 i 2 Pk 2R sy 1Y) JBRE AR #E A 7
HAMECXT, I T4 DNA 3R UEA T3 42, 1 3 )
BPk Lenti-Lyn-gRNA 2 A , B 3% 4 il 2 () 24 i 1 7
W, AR J5 22 04 2 THP-1 2 7 [ 40 bk 11 5 ks
AL

1.2.2 RBmaFQEARFE THP-1 @ie  Fi R
TR H R TR A2 TR DL R A 55 TR A4 L B

WEN4:3:1,761. 5 mL EPE NHE 5 min 7, 055
A AR ZR VR W S PET AT IR & O it LA R e 452
1 B 5 T3 RS 2 — 20§ 30 min, Bl 5K
JECRR A WA HEK293T 41 h 785 9%, 12 h 5
U, 48 h F1 72 h WS LT, SO e B T TR
5 560 r/min £5.0> 15 min, $ 345 R BEUITE 304, T
-80 CHAAF . JRFFIARBEIR 0.2.5.10.15 pLAg RN
AFEFA THP-1 1A 0 6 FLACH , BRI 2 ul 1 pl/
mL SR BERE , N5 5 & D B, F & 20 R
OHLTF 37 °C.3 000 /min #5001 h, #8058 UG B4
Fde, T 12 h 5 RBR & AN g 0 55 IR 58, OB 4y
E o Nt oo e = o

1.2.3 Lyn" 3 S rkmpatkey o ¥ 1.2. 293k
R A ML 1T Western blot Kz il , #1125 %5 %€ Lyn B9 it
TRAB O o 7 1 35 75 A AT R SR e 1) 240 L, 4 s
A%, SR F AR R Ak, BIVERC 200 4201 it il 45 20 it
B (100 pL K5 323 & A — A4 , B 100 pl A
FLIZFh T 96 fLAR HH BE 29749 , Western blot Kzl Lyn
1.2.4 MOAMI E*mienit kb T xp5 A4
1 1 B A= B THP-1 40 i (Lyn™") 42 B8 3x10° >/l 4%
FhF 6 FLH , K5 100 ng/mL (1Y) PMA H B A 2] 6 £L
Mo, K 5% 48 h 4346 MO LS4 . % 100 ng/mL
(1) LPS i BB A MO 4 h , 5592 0.4.6 .8 h, 7
bR M1 E AT .

1.2.5 RNA#HF= qPCRA#A M  {# ] RNAiso Easy
BRI R Lyn™"  Lyn™  Lyn“"-M 1, Lyn”-M1 f*) & 2l ffd
RNA. qPCR /& f# F§ Applied biosystems by Thermo
Fisher Scientific (QuantStudio 3) , 7E QuantStudio 3 3£
if PCR #L#% 1 5¢ B . i H Applied biosystems by
Thermo Fisher Scientific Veriti 190 7% 5% #L 25 3847 00 5%
Ko (P T 5 A5 B 1 2842 7C
2 min; 2524 :37 °C .15 min, 85 C.5 s,4 CI#fF.
BESEESRG , # I TAKARA (RR820A ) 13 B 45 it
qPCR I MK &, RN 45 :95 °C.305,90 C.5 s,
60 °C.30 s, #1740 M HF 5 f# H QuantStudio™ 3 Sys-
tem B PCR W) A T4 Bl o3 B o SEIE PCR 514
HRITHNIE 1,

1.2.6 AmX@mieRab W enEh0.4.6.8h
By M1 4R O 4K 2 115 r/min 2.0 4 min £ 40
i, U B A 4E B 1 mLL 0. 5% BSA/PBS VA &,
2 115 v/min &0 3 min, & 3G, HE 2K, H 0. 5%
(1) BSA/PBS 24 il , 745 100 uL. R 17 #301 CD8O
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Tab. 1 Primer sequences
Gene Forward (5°-3") Reverse (5°-3")
Lyn TGCAGACCCTGAGCCCACTA TTCCTTCCACTGCCCACTCC
p-actin CATGTACGTTGCTATCCAGGC CTCCTTAATGTCACGCACGAT
iNOS GCTCTACACCTCCAATGTGACC CTGCCGAGATTTGAGCCTCATG

1L-6 AGACAGCCACTCACCTCTTCAG

CXCL-10 GGTGAGAAGAGATGTCTGAATCC
CD11b GCCTTGACCTTATGTCATGGG
CD68 GGAAATGCCACGGTTCATCCA
CD14 ACGCCAGAACCTTGTGAGC

TTCTGCCAGTGCCTCTTTGCTG
GTCCATCCTTGGAAGCACTGCA
CCTGTGCTGTAGTCGCACT
TGGGGTTCAGTACAGAGATGC
GCATGGATCTCCACCTCTACTG

FE M1 G4 3% 1 A9 258, B A 0. 2 pg/mL Y
CDSO —PUFf B (R BELE 1:1 000)5 pl. PR¥7 1R
A1 B IREOEIEE 20 min, 2 115 r/min B0 5 min 22
IH WL, 0. 5% BSA/PBS VR 11K . 200 pL I
& % 15 min, 0. 5% ) BSA/PBS A 2 115 r/min &5.0»
5 min PE#% 17%,400 pl 0. 5% F) BSA/PBS 24 il ,
SR 3 2o i A A A B A A . A FlowJo R4
TR .

1.2.7 Western blot 23 M M1 E W4 ffd % THP-
140 PR R 1, R U I T RIPA : PMSF : 28 1 8%
R TP 41 770 =100: 12 1 IR A 100 pl. 85 (A 5
We BE3E o BCA PR . 5 11 i3l o SDS/PAGE 4
F LUK, 8 21 R — Ak (PVDF) B I, 1 H 5%
(A 2R e . ¥ PVDF 5 0. 2 pg/mL — T
Lyn. &\ JAK1,P-JAK1, & STATL,P-STAT1 () 1: 1
000) 55 0. 05 pg/mLB-actin FL4A (1: 5 000) 3 [6] i F
4 °CIFB LR . PERE, R 0. 05 pg/ml 1) BAR i 41
A B IR BT 5 1eG AT BR TG FIVE 9T (iR L
1:5000), FRMEE 2 h, HE AW R 6, H1 bk
W FH Image) #EAT I BE 43 Bt 254 ¢ FE B 1 7 2 1
1.3 SitFEaIE AW HEAT T 3R ERE
S, AR A () BOTE X B . {#FH Graph-
Pad Prism 8. O F{F X} BT e 8 (0 B0 30 17 e 1A
2 () 7R PR 40 (E L 2 o ) o K 6, Z2 2 2 ) 1) BE 3R
FHER R R T 225007, S5 J5 P PR L3R A Sidak K56,
P<0. 05 hZERA G E X

2 #R

2.1 BRINHAE Lyn" BTEEMAE  EE U FOR A B
W EE 1 FEL UK 25 1 R B2 4 LentiCRISPR-V2 Ji L i
Y1k PIAS Fr B, Bl 12 000 bp 12 000 bp (& 1A)
Lenti-Lyn-sgRNA i %7 2 & W] /¥ & 7R , Lenti-Lyn-

sgRNA JURLI 3 285 S 5 25 1 LentiCRISPR-V2 Jfi fi
RO T 5 AR AT I , TR 7 A2 5878 Lyn-
sgRNA EL 4 2% $% 3 LentiCRISPR-V2 ks - (8]
1B). 18R EEEYL THP-1 B A= AU 20 ifd Western blot #6;
2SR G ARG B J5 (% 1 THP-1 48l rh iy
Lyn, A5 pL A1 10 pL 489 8 B4 1Y IR & ve BEfa e
PRI Lyn @i BRI R (1 1C) o BEHLS pLk
TR TR A A B 2R T PR S PR T 45 , Western blot 25717
BB 7R Lyn™ 4B % A Lyn 263K, Lyn™" 5 Lyn™ 41 iy
H Lyn [R5 22 5 HA G027 5 L (1=91. 30, P<
0.000 1) (I 1D), Fh it & %) #4) 8 56 42 @ bR Lyn 1)
PRGN (Lyn™) K5 15 21 14 50 5 B A MO 2R A7 85 9%
P T T IR 2L .

2.2 MOEMEZHMALETI MO B4Rk 2
Fofr 5L 0 440 L AF OC A9 R AR PR 3R A5 JE 4, W0 CD6S
CDI14.CDI11bF CD45. AR5k qPCR A THP-
1046 MO B4 i J5 CD11b, CD68 Fl CD14 1)
mRNA K5 7K, o I W MO E 5 48 i i) 43 4k (&
2)o SR BN, TCIEJE Lyn" I8 & Lyn™, FI| FH PMA 75
S5, CD11b(1=76. 53.23. 48,3 P<0. 000 1) .CD68
(1=24.05. 13.00, ¥J P<0.001) . CDI4 (:=7.40,
44.09, ¥4 P<0.01) ik & I B I+, R B Lyn"'-
MO JZ Lyn™-MO A L34 4 434k i 2 o

2.3 Lyn35MIEMMMRL  PCRIGI Lyn
) mRNA Rk 45 5 R (F 3A) , e stk M1 B
WE A B S Lyn B9 mRNA 35 75, Western blot 6 il
S5 R AN A6 S M1 E AR LS Lyn (098 1136
ik TFE (1=149.9, P<0. 000 1) . P-Lyn % [ %5 TH &
(t=4.563,P<0.05) (K 3B) it Lyn 25T M1 B
W 4 A AL

2.4 Lyn®iMlEEMAMPMEMRIRE (PCRE
D Lyn @ 55 X7 M1 E W 48 Jfd iNOS | IL-6 Fl CXCL-10
mRNA Rk 150, 2558 B 7R, #5R Lyn J5 THP-1 4
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f=l
5
3
B-actin 42
B-actin 42 Lowr
0 —
LanT Lynf/i

1 Lenti-Lyn &2 K Lyn” # 55 & iH ik

Fig. 1 Construction of Lenti-Lyn vector and screening of Lyn” monoclonal

A: BsmBI-V2 digestion of LentiCRISPR-V2 plasmid, characterized by 1. 5% agarose gel electrophoresis; B: Sequencing of Lyn-gRNA recombi-

nant plasmid; C: Lyn protein levels in stable cell lines obtained via monoclonal selection with different viral concentrations; D: Lyn protein expression

P <0.000 1 vs Lyn“" .

levels in Lyn” stable cell lines obtained via monoclonal selection after infection with 5 L of virus;

Relative mRNA expression

20

Relative mRNA expression

P-Lyn/Lyn

15

10

0

CDI14

*k
HHH

"P<0. 000 1 s Lyn“"; ##P<0. 001, ***P<0. 000 1 vs Lyn™.

3 CDI11b 6 - CD68
seksksk
g T
stk R
6 F P i @
S 4r
o i
4t p
%
o 2 r
21 2
=
Q
ji=iBi=INEN Hinilin
a b c d a b c d
E2 qPCR#MOEEMIEFREY CD11b.CD68.CDI14 K%
Fig. 2 qPCR was performed to detect the expression of M0 macrophage markers CD11b, CD68 and CD14
a:Lyn"";  b:Lyn“"-MO; c¢:Lyn”; d:Lyn™-MO; "P<0.01,
A 4 r B WT WT
- Lyn Lyn -Ml1 ku
'g skskskok
3 3k P-Lyn 56
o
»
o
<t
E Lyn 56
g
o
z1lr
=
7 GAPDH 36
0
Lyn""  Lyn"-MI

LynwT LanT-M 1

&3 qPCR %1 Western blot ¥l M1 E L& 20 B4R Lyn 0 P-Lyn B & 1%
Fig. 3 Detection of Lyn and P-Lyn expression during M1 macrophage polarization by qPCR and Western blot analysis

A: Detection of Lyn expression during M1 polarization of Lyn\w macrophages by qPCR analysis; B: Detection of Lyn and P-Lyn expression during

M1 polarization of LynWT macrophages by Western blot analysis; "P<0. 05,

AT M S A1 Gy A B AN [8] B )P iNOS (=
11.820.1.635.3.581,5.378, P<0. 001, P>0. 05, P<

Sk

P<0. 000 1 s Lyn“".

0.01,P<0. 001 ./L-6(t=3. 264 .56. 34 .41. 55.19. 30,
¥J P<0.05) Fll CXCL-10(1=125.200.4.974.9. 409
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11. 310, P<0. 001) i 73 WA/ (1 4A-4C) o Lyn""
5 Lyn™ 40 07 O h B Lyn™ 40l 1Y IL-6 (1=3. 264, P<
0. 05) B W AF /> SR BH G BR Lyn J5 40 T MO 41 i 11-
6 11431 , TRl BSF-do 41 ) 7 ML 20 i 4330 iNOS | IL-6 il
CXCL-10. XEELR /R, Lyn S5 T M1 E 41
I AT R, AR Lyn ZJ5 #0461 T THP-1 (1) M1 E W
YL 534k

Westren blot /& ] iNOS ) 4 [ 3 5 45 B B~
(E14D) , 17 M1 E B i b 4 h F1 8 h (1=4. 141,
4.962, ¥ P<0.01)Lyn"-M1 4 iNOS %K 1K F- T % |
EE: ) M WA AR AL 0 h A6 h (1) iNOS 25 1 KF
A 357240 UE T Lyn @5 e 234 M1 w40 i
53 WA iNOS, 45 J AL R B E B T Lyn #CBR J5 25 30

2 M 8 i 40 it 3% 1T A 3R ) CD8O 1 3R 3k P ik
(1=3.31,P<0.05),

2.5 Lyn EFEEKX M1 BEEEMABIRKEE DFE
R JAK/STAT {55 i B 7F F Wik 240 il 3 A iot
AR IEE LCEIEM . AWUFSE Western blot #6124
o BEE LRI EE K Lyn™-M 1 F E4RAE JAK1
T FIRBHT R (F 1,,=180. 02,P<0.000 1), fij P-
JAKL ) RIB A B84 (B 5A) . [FI, Lyn”-M1
EEZ0 A JAKT R UiE P-STAT1/STAT1 KA ETE4.6.
8 h L 2 FF& (K 5B) (1= 4. 137 .4. 454 . 4. 206,
P<0.01), X% Western blot 2% 5 158 B @ B Lyn B &
T THP-1 1) M1 W40 AR AL

. . 3 iFig
THP-1 4 it 1) M1 W40 I 1 4346 o it =X 240 PR 45
R ER(E4E) A% T Lyn™ M1 ELWEAH AR, Lyn™ M1 18 Pk SE 2 B U L A B RS
N iNOS s IL-6 c CXCL-10
oo COLyn" M1 c20r CILyn" -MI 2300 myn™ Ml
Z | Oiyn ™I Z | Oy M 22501 Ly -MI ﬁ
g 21s £200 L
I 1] |'T'| %200
[ jo) o
=N <10 - <150}
2 2> 2 100 ~
el | |l 3 =
> > > stk
o) o * sokokok sk =
&, & oL 2N
0h 4h 6h 8h 0h 4h 6h 8h 0h 4h 6h 8h
2F WT
D 0% Q% A A o» I TR CLlyn -MI
B B N N e S N OLyn -Ml
S RS R RS AT R R A £
iNOS 130 <t o
8 k%
Z
B-actin 42 0
. . Oh 4h 6h 8h
E Lyn Lyn
80 r WT
-~ Lyn -MI
0h _ & Lyn -MI «
S 60
(5]
4h &
2 40t
o
6h 2
[a)]
O 20F
8h
0 1 1 1 1
3 3 3 3 0Oh 4h 6h 8h
-10 0 10 -10 0 10

APC-A APC-A
4 LynMM1 E MR AR E
Fig. 4 Lyn modulated the cellular phenotype of M1 macrophages
A-C: iNOS, IL-6, CXCL-10 mRNA expression in Lyn”-M1 macrophages at 0, 4, 6, and 8 hours; D: iNOS protein expression in Lyn" cells at 0,
4, 6, and 8 hours during M1 macrophage polarization; E: Detection of CD80 expression in Lyn” cells at 0, 4, 6, and 8 hours during M1 macrophage

polarization via flow cytometry; ‘P<0. 05, “P<0.01, ""P<0.001, “"*<0. 000 1 vs Lyn""-M1.
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A N Q% A A 6% 6% QL PR
<« XI\\ A\ XI\\ o XI\\ A\ XI\\ W k“\ P Xf\\ < XI\\ BEN
S N © N N\ N N\ o
ot A2 MR W o W K 30n wr
JAKI 130 S [ Lyn" -M1
g S Lyn -Ml
i: 20
P-JAK1 PR
= 10t
B-actin & T * iy
S R B I s I s I
Oh 4h 6h 8h
B NS A A AN AN
W XI\\ pig Xr\\ <« xf\\ pig xf\\ <« X'\\ pig xf\\ <« x‘\\ pig XI\\ v
W® o o s e 2r dLyn -Ml
ku _ = A
= Lyn -Ml1
P-STATI 57 =
<
— 1_
STAT1 = - ok
®
=9
B-actin 4 0
Oh 4h 6h 8h

E5 Lyn"#l%] JAKI/STAT1/E 5@ %
Fig. 5 Inhibition of the JAK1/STAT] signaling pathway via Lyn”
A, B: The effects of Lyn” on the protein levels of P-JAKI/JAK1 and P-STAT1, detected by Western blot analysis; "P<0.05, “P<0.01, “"P<

0. 001, “P<0. 000 1 vs Lyn“"-M1.

N 251 & 1 KA RS RORE RN, FHRRIE S RE
YA Can B WEAR A T 4 M) 22 e R SR
R F S My S LT LA 18 M R ORE R 2R B
S M1 B Wi 40 i 3F 282 43 Wik 98 E P07 DA R A
T PR A0 D 1] % 57 11 3 A% RNR i B B A AN
550N B 40 . I A AR Sk 12 % T v AL
) e A A, R AR S B i AR 1Y
B0, MIARAL AR R BB 7 A AR R B )
M2 BUE 4, n] R BOR SE R PEAL , 51 A& 28 KR OGS
RIS B kR FERE A S . PRI, IR R 2
WAl A A M P R TR TT A i A R 2
FEE WEAH R, Lyn 192235 7K 7 5 4 1 1ok
A, Ho o W2 A T W45 5 40 I8 42 4 P 3
Bl AR AE SN o A S50 F1) H] CRISPR/Cas9 5&
K g 4R 4 AR, B G BR T Lyn A9 2 T @ 5% Lyn 119
THP-1 4 55 o X R B Lyn J5 (9 THP-1-M1 [ 1% 41
Jt 1 22 AU AR AL RN BL TR BE AT TR AR, 45 R R
Lyn 7€ M1 F R4 M 23 fh ik A2 rfofe 1E {2 VR
Bk Lyn J5 THP-1-M1 % B 5 48 Jfd iNOS . 1L-6 . CXCL-
10 A1 CD80 55 M1 . I 240 J A i 1) B A& A (1) 53 Wb 32
FPOH], LA B4 40 i 2 29 52 56 UF B @B Lyn 5 90 il
T THP-1-MO I 41 g i) M1 05 40 i 9 A £k o
FE WA JAK/STAT 5 5l -5 M1 E g 20 g e b
A AW RIS SR R, Bl A 510 B ] 9 28
K, MR Lyn J5 M1 EC W 40 A JAK T (4 25 1 338 2 W

TR P-JAK B 2R8I B AR Ak [FI AT, JAK]
T i P-STAT1/STAT1 Fik W B TR, $eom
BR Lyn 5, JAKT 0940 1 4 H 5 8O R i 5+ P-
STAT-1 7K P TR, X vl g it — 20 3T iNOS | IL-
6.CXCL-10 F1 CD80 5 M1 . Ik 41 it b 25 40 114 4 b
VD, B ST ML I 20 A Ak B

M1 Y 3 20 sk B 3 A2 2 G R R E
5 5 M JRE 1) A0 B L Al S 1] 2 AR R ]
S A ML AR AR A S 2R PR T -6 A RS, %
TRAAER s 5 TR, 7 bR T A S5 v, ML 28 I 24 L
FLA Bt s G g2 06 P | 3 3 S0 2 DR A e ML AR
AT T 2 A A e A R0 A8, SR IR S R R
I IR AL R B . A B R IRIT R T,
Lyn 06 570 ] 38 3 18 4% FLFE 3Z 1 (Toll-like receptor,
TLR) {5 538 % 1) £ S i AL, X L 6 40 A M1 B Ak
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and Lyn are constitutively activated and mediate plasmacytoid

Role and mechanism of Lck/Yes-related novel tyrosine kinases

in macrophage M1 polarization
Yu Xin, Gao Zhensheng, Bian Weihua, Liu Xiangyong, Sun Yeying
(Department of Pharmacy , Binzhou Medical University , Yantai 264003)

Abstract Objective To investigate the role and mechanism of Lck/Yes-related novel protein tyrosine kinase
(Lyn) on lipopolysaccharide (LPS) -induced M1-type polarization of macrophage. Methods The LentiCRISPR-
V2 plasmid was digested with the restriction endonuclease BSMBI-V2, and the digested DNA fragments were recov-
ered. The digested plasmid was ligated with Lyn-sgRNA using T4 ligase to generate the Lenti-Lyn-gRNA lentivi-
rus. THP-1 cells were infected with the Lenti-Lyn-gRNA lentivirus to obtain a stable cell line with Lyn knockout,
and a monoclonal THP-1 cell line with complete Lyn knockout (Lyn’ ) was established subsequently. Wild-type
Lyn (Lyn"") and Lyn” THP-1 cells were induced with 100 ng/mL phorbol myristate acetate (PMA ) for 48 h to dif-
ferentiate into MO macrophages, which were further polarized into M1 macrophages by stimulation with 100 ng/mL
LPS for 24 h. Quantitative real-time polymerase chain reaction (qPCR) was performed to detect the expression of
MO macrophage markers, including integrin aM (CD11b), macrophage antigen (CD68) , and monocyte differen-
tiation antigen (CD14). The expression of Lyn in M1 macrophages differentiated from wild-type THP-1 cells
(Lyn""™-M1) was measured by qPCR, and the ratio of phosphorylated Lyn to total Lyn (P-Lyn/Lyn) in Lyn“"-M1
cells was determined by Western blot. In M1 macrophages differentiated from Lyn-knockout THP-1 cells
(Lyn"-M1), qPCR was used to detect the mRNA expression of inducible nitric oxide synthase (iNOS) , interleu-
kin-6 (IL-6), and chemokine (C-X-C motif) ligand 10 (CXCL-10). Western blot was conducted to assess the pro-
tein expression of iNOS, as well as the protein levels of molecules related to the Janus kinase 1 (JAKI) -signal
transducer and activator of transcription 1 (STAT1)signaling pathway, including JAK1, phosphorylated JAK1 (P-
JAK1) , STAT1, and phosphorylated STAT1 (P-STAT1). Additionally, the expression of the M1 macrophage
marker cluster of differentiation 80 (CD80) was analyzed by flow cytometry. Results The Lyn”™ monoclonal cell
line was successfully constructed. The expression of CD11b was significantly elevated in Lyn” MO macrophages,
and the differentiation of M1 macrophages was successful. Knockdown of Lyn inhibited mRNA expression of iNOS,
IL-6, CXCL-10, protein expression of iNOS and CD80 expression in M1 macrophages (P<0. 05). Western blot as-
say showed that Lyn knockdown inhibited protein expression of JAK1 and P-STAT1 (P<0. 01). Conclusion  After
CRISPR/Cas9-mediated Lyn knockout, the expression levels of JAK1 and P-STAT1, the key molecules in the JAK/
STAT signaling pathway of M1 macrophages, are significantly downregulated; concomitantly, the expression of M1
macrophage-specific secretory factors (iNOS, IL-6, CXCL-10 mRNA) and CDS8O0 is also downregulated, which
may be achieved via targeted regulation of the JAK1/P-STAT1-mediated JAK/STAT signaling pathway.

Key words Lyn kinase; THP-1; M1 macrophage; CRISPR/Cas9; chronic inflammation; JAK/STAT signaling
pathway
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