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B 10 e 235 45 50 5 93 a3 =S A I R 43 7 I I NK 40 g EE 51 (CD3"CD19°NK 1. 17) K | i+
KLRG1 Fl CD11b, 235 1% 1k 5% & NKG2D F1 CD69 K R 1 43 F 2 FL & UKL B .CD107a Al T4 % -y
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TG b 35 PR 5 NK 40 M 75 7 43 7 2 L R ek B8 (P<0. 01) , T R4 0 43 1 UKL Bl B B8 BURL bR 35 2 7
CD107a, L K A B F IFN-y JCGe 1T 25 5 s NK 40 055 B16F 10 20 g Mo 1% 5% S S50 3 40 it 0 1~ 1 3 3
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[Abstract] Objective To explore the role of X chromosome encoded epigenetic regulator UTX in
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NK cell-mediated anti-tumor activity. Methods Male Nerl—iCre mice were crossed with female UTX™ mice
to generate F1 Nerl—iCre'UTX"" male mice, which were further crossed with female UTX" mice to obtain
male Nerl—iCre” UTX” control mice (M-Con) and NK-specific deletion of UTX male mice Nerl-iCre UTX"
(M-KO), as well as female Nerl-iCre UTX™ control mice (F-Con) and UTX-deficient female mice Ncrl-
iCre UTX™" (F-KO). UTX-deficient mice were injected with melanoma cell line B16F10 via tail vein to
observe pulmonary metastatic tumor nodules. Moreover, flow cytometry was applied to detect the proportion
and quantity of pulmonary NK cells (CD3"CD19"NK1. 1"), maturation makers KLRG1 and CD11b, activation
receptors NKG2D and CD69, and effector molecules, including perforin, granzyme B, CD107a, and TFN--y.
Then pulmonary NK cells were sorted and co-cultured with B16F10 cells, and the apoptosis of the melanoma
cells was measured with flow cytometry. Results Compared with the M-Con mice, the M-KO mice presented
less number of pulmonary tumor nodules (P<0. 05), increased proportion and quantity of NK cells in the tumor
microenvironment (P<0.01), though no obvious changes in the ratio of NK maturation makers KLRG1 to
CD11b, enhanced expression level of cytotoxic molecule perforin (P<0. 01), but no changes in the expression
of effector molecule granzyme B, degranulation marker CD107a and cytokine IFN-vy in NK cells. Co-culture of
NK cells and B16F10 cells promoted the apoptosis of tumor cells (P<0. 05). Compared with the F-Con mice,
the F-KO mice had no statistical difference in the number of pulmonary tumor nodules, but larger proportion
and number of NK cells (P<0. 05), decreased ratio of KLRG1 to CD11b (P<0. 01), elevated level of perforin
but decreased levels of granzyme B, CD107a and IFN-vy in NK cells (P<0. 01). The co-culture of NK cells and
B16F10 cells reduced the apoptosis of tumor cells in F-KO female mice (P<0. 05). Conclusion NK-specific
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deletion of UTX regulates pulmonary metastasis of melanoma in a sex-dependent manner.
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KB MM E AR A O, )z R 2R A i o ik &
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7R UTX 7E NK 41 b 2 80 H AR 5 22 A v Ak
itk , ELIE s NK 4 Him 2 G v . 4R
UTX OB PR NKZ0 A 5 T e 15 1 1) 22 5+
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YEH.

1 M5 T®

1.1 XA FALE KRR

UTX"" /N (NM-CKO-190054) 14 [ I R 5 it



http://aammt. tmmu. edu. cn P 2275 R 2 mR 3R, 2025,47(8) 809

SR s Nerl=iCre /N (110127) g A Jb 5 A B FE K
B 25 B 3 /A 7 o DirectPCR (Tail) 4 [ 3% [ VIAGEN
oS HE] A KA H AR R AR A B A A Premix
Taq™ (TaKaRa Tag™ Version 2. 0 plus dye )l H Ki% 5
AW TREARA A, B AR R B16F10 (CL-
0319) 1l A I 1E AL FHE A ] o PCR A
& VARG . DNA fiff 1 04 [ 3 [€ Sigma-Aldrich 22
A, DMEM 5 37 3 . RPMI1640 55 35 % G 2 I3 A
B R -5 R Z W A £ [H Gibeo 28 7] 5 Anti-CD16/CD32
Anti-CD3(17A2) \Anti-CD19(6D5) \Anti-NK1. 1(PK136)
Anti-CD11b (M1/70) . Anti-KLRG1 (2F1) . Anti-CD69
(H1.2F3) . Anti-NKG2D (CX5) . Anti-CD107a(ID4B) |
anti-GranzymeB (QA18A28) . anti-Perforin (S16009A) .
Annexin V 8 T- 4 (6307 & & 1 B 3¢ [E BioLegend 2y
Al 5 Anti-IFN-y (XMG 1. 2) | [ %2 28 FLIR R & f 8 A 5%
=Nk A [ 22 E BD Biosciences A 7l , Percoll M4 [ 38
[l Cytiva 23 A, 2140 Jd 240 0 W A A6 R ERHE A
A, Foxp3 % s R YL a3 5\ PMA FIES T8 25 H
3¢ [# Invitrogen A Al . Cellometer K2 K% 41 fa {3 4 H
2% [E Nexcelom Bioscience 23 7] , FACS Canto 3t =0 41 Jifd
53 BT AL A FACS Aria 03 X 40 i 43 6 {2 8 H BD
Biosciences 2N Hl o
1.2 H3E NK 20 s 8k UTX /N &

¥ C57/BL6 UTX™ Mt 55 Nerl—iCre I RAZE , 3k
5 F1AR Nerl=iCre" UTX™ 1 B, 210K F1AC/N LS
UTX™ M B4 58, e 24K A9 [7] 53 %t 8 21 I BRL Ner -
iCre” UTX"" (M-XJ 1) R R B3Rk B Ner 1—-iCre" UTX” (M-
) 45 60 H, LI K [R) 53 ) BE 2 Mk B Ner I-iCre UTX™
(F-XF HR) FI R M B Ner 1-iCre” UTX™ (P-4 4% 60 R
(F 1) Frfa/NRIEZET SPFsh# s . /N BUR SRR
A AE 22~25 °C NI N 40%~T0% , S TR 12 he
JIAT L8 /B h 8~12 Sy . T s L8 Iy R 4t
ki 7542 B2 K2 sl A0 B 2 51 2 v I 340 A 0GR
(AMUWEC20223534)
1.3 NKZfasF ek UTX D R AR A K x

/0N B DR 28U S 5 Fi B DirectPCR (Tail ) 136 W 45 fir
IR IEATERAE o /N RRIFE I BB 0. 5~1. 0 em )
B2, A B R4 W RN AR 1 T K, 55 CIE R 6 h, 85 °C
I E 45 min, IR HEA B TUK LR A1, % LR R
A HEHE 4 °C, 8 000xg B0 5 min, B 7 4 I8 Premix
Taq™ UL A A THRAE , 64T PCR 948 2 1 AN B i At
WEHLYK o AHOCHER S 75 W2 1.
1.4 H#MFEBIOF10 Al 445 £ R

M0 R IR A R BI6F10(CL-0319) AR5 A [ 4

M- i
& M-Ncr1-iCre-UTX™
R M
Neri-iCre uTX™ M-Ncr1-iCre* UTX™-
&) X ) FX 18
HER W & F-Nert-iCre" UTX™

F-iibx
&F—Ncﬂ-iCre"UTXﬂ/ﬂ

E1 NKAFRHERERUTX/NREERER

®1 NMNREEELEEPCRYFTI
M FIYFH(5°—3")
UTX |37 : TCTCTATGCACTGGATGTAT
T : AAMMAGATGTTAAGGGTTGTT
3 : AATTGGTCTGGCATGCATAATC
R4 : CACACCGGCCTTATTCCAAG
FF4: 7 . AGTAGGAAGGAAATATTCCCATGG

Nerl-icre

i 2R 68 7 7 % 2 DAL ARt 10 o A i R R 2, LB
5 ER B 52 43 M (short tandem repeat, STR ) % 22 1IE
W S J A FH S JLAA PCR ARG 328 751 0 6 0 = J A4 ¥ e
Y. B16F10 2 g F DMEM 5% 35 5L 430 10% iR 4
Mg 1% 55 R-5E8 R R 23 M A 1.2
P 1) NK 200 0 0 4 S M e B UTX /DN B8 s e ke
2077 BI6F10 4 fi , 14 d J5 ¥ /N B 49%~5% 3 58 ik
P I 20URE R A2 AL B , 7 D 6F i A o8 51 A 7 - EORD
o -
1.5 AXmienr

Ui 220 T i 2 B SR AR ) 5 B
1At
1.5.1 HEWEARLEE s/ BUI Ik 2 204k 37
VS ISR BEATRRAE T N BRI b BT, B
I, BYREJS FH 1 mg/mL IV YRG0 1 mg/mL DNATif 1
L K RPMI1640 15 5% 376 37 ‘CIH 4K 30 min; - JH 30%
Percoll #F47 %5 BE A% B B30 5 (o FH 21 200 Hd 2 VA 4 ik 21
YA, A 10% B 2F L3 B9 RPMI1640 £ 37 3 48
11 4 2T 20 M I3 BB 2 1R DA 300%g 540 6 min, HE AL 4H
Ji, 45 21 B2 LR
1.5.2 FEpuA  REHEHCD3.CDI9NKIL. 1,
CD11b . KLRG1.CD69 .NKG2D F1 CD107a 4% {4, )7 %t
T HU100 L B4 B, A CD16/CD32 Fiik it 17
B . FINAGE BRI PUA, BOLIEE 15 min, PBS UL
1R, $4 B8 DL 2= 3 300xg 4 0> 6 min, AT il A 200 wL PBS
TR, 57 B FACS Canto % =X 40 i 43 B AL AS:
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L3 PCHH]) , IR A HEOGHUE 2 he FH Ix[E 27 L%
TRCKE AR AR 1R, 4% B2 7R L) 600xg 50> 6 min, B
BREAS I A M B PR BORL G B 5 2L
30 min, L 19X, FH 200 L PBS B2 40,

1.5.4 4N FY 20 Jf DX 1 TFN-y 4% 18 SC
R 2 LR R £ B A AT Y € U B
Jf 2 i PMA TS 55 3R DL SRR 1 J5i e o 410 o 55
6 h,PBSUE 1 IR, HEAT R IAHUIAGL A, A [ 2 27 AL
TRORE G R 2 b B REAS B Ix B 2 20 LR sk 1 Ik,
Fi B2 R DL 600X g B0 6 min, #EAEA, i A IFN-y $T
1A, W' 30 min, FUE 17K, 11200 wL PBS # 2 4Hi ,
1.5.5 PRAMGIN NK 08 2hie Al NK 20 i
RAN A0 Dy fie 4 B8 SCRk AR & B B AT . s
1Y T QY 9 7 ol 1< e e
NK 40 ff , 4% B8 b3k Jr sk ik fr R mbu ik e o, fif
FACS Aria UM /M50 73358 NK 481 (CD3°CD19
NKI1. 17), 433 J5 () NK 48 ffl 26 B > 95%., 4l CFSE
Ut BB FRIC BLIOF10 40, 4 733 1) NK 41 L S5 hric 5
) B16F 10 4 3% 5% 4 h, A5 0 iy 40 A 0 T 1) e A5
4 B8 Annexin VT4 (0350500 £ 10 W5 2047 b 83 40
JHT et FERRUUR Jr vk AT oA R A il R 4

J5 R FE T 38 =52 06 28 i 98 200 L AE 1 258 =Xk 8 4 e 4
J FARFE TR

1.6 %itEadr

SKHIIBM SPSS26. 0347481 #EARIEIR ] GraphPad
Prism 231l . BABURE 1 F/NREEA il R IES Sy
A3 BB DA s 2R, W2E ] L35 R FH e X6 el A

M-x}

i e

A

A B IRIES B16F10 28 i8L )5 M-+ B8 A M-k kA R 2. & 7 i I 4545 I 95 4
B: B# Wi 4T BI6F10 @0 )G -3+ B8 o F-35 M3 R 2 &, 4 5 Il 5545 I 955 45

Jiti i

P XU ¢ K56, P<0. 05 "R 22 R HA G FE L,
2 #R

2.1 NK@aaim UTX A5 £ 75 XA 26 &
98 Il 35 45
SHERFE UTX R NK 4 470 28 € 2 05 Il 7% 7% 1) i 4
FEHT, A8 IS T UTX B 2R /0 BB A 28 3% 1) ek o &4
TR . M T MR 8 M-Sl 5 e SR ik R 45
B B 0 (P<0. 05, K 2A) o SRTAH LT F-X IR,
F- i 5 o BRI 4 1 B TG 25 5 (K1 2B) . LA
2 FEIE S R N BONK 20 RIS UTX S R 4 ) B
0 2 il e B AT RN A4, /D B INK 48 i i B
UTX J5 PR X P €2 2293 It e 3% T I 252
2.2 UTX A=Y 98 3R 32 NK 20 Je 42 VA B, # AR
£ 4% F KLRG14CDI11b
2553 AT H (8 229 i e B8k NK 40 if & & AR
BAHRE/ T KLRG I CD11b 17284k . 5 M-Xf BEAH 1L,
M- 5t 99 A BRUATE NK 41 i (CD3°CD19°'NK1. 17) He 431 #l
B B E M (P<0. 01) o AH LT F-x HEUME R, P
I BN 20 B B8 RN S i (S HE i (P<0. 05, 813A B) o
FH EEF M- R, M- i 5 A B NK 20 i Al A 75 4 7
KLRG1"#1 CD11b" el oG it 24 2= % (Bl 3C.E) . 5
F-%F BEAH LU, P-4 ME B NK 40 i KLRG 1 #1 CD11b* [t
19 . 2 FEAR (P<0. 01, &1 3D F) . LA &5, B
IR I % P98 T R 988 UTX BE 10 41 e ek R 2 /N B
NK 20 45 £, 7 UTX (20 /) B INK 248 L 33 Bty
FridisrF KLRG1 MICD11b,
2.3 UTX & Af 9 4 2R 3% NK 28 B 7% AL %2 K NKG2D F=
CD69 % ik 3832 VE A
AH BT M-XT R M- 5 A BRUH AR NK 41 2 NKG2D
FICD69 ¥k B o g4 25 7 (B 4A .C) . #H
LT F-XF R - M BT E NK 2002 NKG2D 11 CD69
S YAy e G v (geometric mean fluorescence intensity,

F-X F-RikR

EW R F (n=17, x+s);a:P<0. 05,5 M-3+Ba k4% ;
L 3 F (n=22, xT+s)

2 NKAfERMEEB UTX/ N EBZEMERD
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(CD3CDI9ONKI. 17) & #] (n=13, x+s) #» #& & (n=7, x#s) ; B: i X 29 J& K #& 0 F- 2t & f= F- 3L ¥ & NK
(CD3°CDI9'NKI. 1) )t (n=13, xs) o4k T (n=6, x+s); C: i X 20 I AR A ] M-3F B Ao M-3R A R NK 28 i KLRG 1 45
(n=12, xxs); DA X 20 I8 A A ] F-3 B8 o F-S 0 R NK 20 1 KLRG1 4] (n=12, x+s) ; E: 7 X, 29 10 A A0 ) M-3F 18 Ao
M-Sk 2 5NK 20 82 CD11h e8] (n=11, &) 3 F 2 8 X 40 L AAS M) F-3 B Fe -3 PR 5 NK 40 56 CD11b e (n=14, xts)

B3 UTXERR/MNRMERIMENKARA T

gMFD) TG H2F 22 5 (K 4B.D) . KL, BB 0 0 i
FEBhRE SR B UTX R PE ANV /N BRUNK 20 B 76 1k A2
A& NKG2D 1 CD69 £k 1% A 35 4R VE M .
2.4 UTX vAM R £ F 7 X B35 I 95 #R 55 NK 28 Je
AT

SHERGE UTX N Mg T PR 5 NK 4 MR D fig i 52
M), ASHIF 5% A T NK 41 A 28 8135 4 43 7 J0RL I B AN
FALER DL BORL bR 7 4+ CD107a I BU2S . AL
T MK HE /N B, M- BRI BN K 41 28 FL R gMF1 A

I (P<0. 01) , UKL i B 25 (%35 F1 CD107a" [
BTG 22 5 (BISA (C) o M ELTF F-XF BN, F-i
I3 0HE L NK 200 it 25 FL 2R gMFT 363 8 35 14 (P<0. 05) ,
SR UK B B gMFI 3535 I 3% PRI (P<0. 01, [ 5B) ,
CD107a" e M5 i /0> (P<0. 05, &1 5D) o it — 5460
NK 21 8 3 25 20 Bt R 7~ TEN-y (19 22 4k, 4 EE T M- i
JINER , M- B A B NK 20 8 TFN-y " L 481 F1 TFN-y gMF1
TR TG #2257 (B SE) o A H T F-XF BNV,
F- B 5 M L INK 40 i TEN-~y" 451 i 25 820> (P<0. 05)
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SR TR BT NK A0 4 T3k
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B 520, 8% NK 40l 5 B16F10 40 it 555 35 |, 46 00 i 98
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