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NF-kB mediated chemokines and cytokines regulate of uterine NK cell function in decidual tissue
YU Haikun, MAO Jiaqin,CHEN Shuqiang, WANG Xiaohong
(Reproductive Medicine Center ,Department of Gynecology and Obstetrics ,
Tangdu Hospital ,Air Force Medical University ,Shannxi Xi’an 710038 ,China)

[Abstract ] Objective To investigate the role of nuclear factor kB (NF-kB) in mediating the regulation of chemokine and cytokine
production during human endometrial stromal cell (hESC) decidualization, thus affecting the function of uterine natural killer cell
(uNK). Methods 20 healthy pregnant women who underwent artificial abortion to terminate pregnancy at Department of
Gynecology and Obstetrics, Tangdu Hospital, Air Force Medical University from October 1,2022 to March 1,2023 were selected.
Their decidual tissues were collectedsand pure human uNK cells were isolated. The hESC were transfected with siRel A to inhibit
NF-kB activity, followed by in vitro decidualization induction. Real-time fluorescence quantitative polymerase chain reaction (RT-
qPCR) was used to detect mRNA levels of relevant chemokines and cytokines. After inducing decidualization of siRel A-transfected
hESC, they were co-cultured with primary human uNK cells,and uNK cells and cell supernatants were harvested separately. Flow
cytometry was used to detect the cytokine secretion function of uNK.The supernatant of uNK was used for vitro tube formation
assay,invasion assay and scratch assay to investigate the function of adjusting angiogenesis and trophoblast cells invasion and
migration ability. Results Transfection with siRel A significantly decreased the mRNA expression levels of interferon-y (IFN-7),
matrix metalloproteinase (MMP) 9,and chemokine CCL2 in decidual stromal cells (DSC) induced by decidualization (r =3.290,
6.415 and 5.095, respectively, P<C0.05).Inhibiting NF-kB activity and inducing decidualization of DSC suppressed the secretion of
uNK-related factors vascular endothelial growth factor (VEGF) , placentail growth factor (PLGF) ,and IFN-7 after co-culture with
uNK cells (r=6.641,7.743 and 8.886, respectively, P<C0.05).The ability of uNK cell supernatants to promote angiogenesis was
impaired after co-culture (1 =4.629 and 5.522, P <C0.05) ,and trophoblast invasion and migration were significantly reduced (¢ =
8.329 and 7.190,P<C0.05). Conclusion NF-kB regulates the expression of chemokines and cytokines in DSC, thus influencing the
function of uNK.
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IFPERE NF-«B B9 LS . DSC N IR G0 & 7 $240t
IR SRR RIS R A R BT, AR AT 4 3 oK Ak R
T 0 PR S s e R AN SR A i S S 4
Froope a2, H i 3 5 40 il NF-«B #0061
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U U L U0 58 5 4 20 v e e 22 1 R A0 L T
B[4 4K A% 1 4l L Cuterine natural killer cell, uNK) ,
o7 BB RN 700 B AT LA I 2 Rt 1k
PR A A B TR, R 0 i 5 i 4 TR B R T R R
JiE B0 Jok T ST AR G 3R AN AR 2R L R R
RAEMINEE LB . EBBA L2 H, uNK 5 DSC
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78 TR KR AR B B A PR B TS AT N T AR
SR IT B IO T ™ R WAL 8L, A A B
OFR/NT 35 12 s QT 6~8 22 . HEBR AR .
O FAA v —J5 A % 8t 15 9 5 s @ A 5H iE I 5 il
S5 R W TE 5 O 2k i B g s @ R AT 25 4% B DR R A
PR R 5 05 45 5% Wi A R A SRR R s O R AT H B e
PEVESNG s O BEAE A2 52, hESC &l JE T K% E
W T 2 P A A B, HTR-8/Svneo 45 T 1% 3% 40 il &
FUN I & ik 10048 N B2 48 9 Chuman umbilical vein
endothelial cell, HUVEC) R & FEZE K K2FEEE

11

Bt 4 7 Bk A B B 2 v L R R . ARSI T R4S
TR R R B I A B R A iR At v, B
A I R AR A 1) 2 M 347 30 ek £ R HG R i 1) R )

1.1.2 £ & A

DMEM/F12 ¥ 575 OR & B £0) \RPMI1640 1%
FREE YW | A A8 A B, Bk B L3 (charcoal
stripped foetal bovin serum, CS-FBS) ., 4 K A T I
i (growth factor reduction, GFR) & it i) 3 ffi |
Transwell /NE (H 4 0.4ppm Al 8um) I H Corning
73 ) s Percoll ik I 241 M 43 6 i . IV 28U ¢ 5t 26 11 il
DNA fif [ 4 [ Sigma 2~ Al /T4 RNA siRel A g
B % Bl £ ¥, Lipofectamine 2000 (lipo 2000 ),
M-PER™ i 31, 2l ¥ 8 F1 4if 52 12070) . RNA 42 B ) &
W H Thermo Fisher Scientific 2y ®, 8-bromo-
cAMP . H 3224 (medroxyprogesterone , MPA) 4 H
MCE 2 7, 40g/L~200g/1 3 H B i 52 | PR3 e fi5
R & W 1 Bio-Rad 2 ®l, ECL AL 2% &6 Wl 11
Millipore 24 &, S A Rel A Hilk /NERSTA B-L3H
FEH (B-actin) I H Cell Signaling Technology 23 &
i SR L SE R E i PCR U &2 W H TaKaRa
2w N NK G5y 38350 & L Wk T 7 e 2R Milte-
nyi A /NEBT A M N B A K T (vascular en-
dothelial growth factor, VEGF) Hii#& . o ¥t A I £ 4F
KA F (placentail growth factor , PLGF) ik ity A
NOVUS 72y #, % 4. %5 H (phycoerythrin, PE) $it A
CD56 Hiak | 5% 3 7 1 (allophycocyanin, APC)HT A
CD16 #ifd . APC/Cyanine? I 2EHi/N R 1gG P Ak
Alexa Fluor 647 J¥if 1egG Hifk . APC Ht AN T4k
# vCinterferon-v, IFN-v) Hi {4 J H [ 29 % FE AT 1A
N Fe Z A B A Biolegend 2\,

1.1.3 £ E

20 10 % A W ARGER R 22 R B O HL I
Eppendorf 23, HLUKAX 2 7 2K oL 78 A 52 I 26 8
it PCR AL A7 &6 B Bio-Rad 24 A , 8] 1%
BEWA H ZEISS 23 \) 24 B A B BD A H]

1.2 W%

1.2.1 hESC %34 s T RNA 4% 3 Fo 1k 51 i
F LA

TEE A 106 CS-FBS, 1% ITS, 1mmol/L PR
B1.500ng/mL B R (100 B R R 19 DMEM/
F12(CJC W £0) 5 F5 B vh 55 9% hESC &, B 9k % 1F
37°C 5% CO,. M i 9001 ,0.25 0 JhedE A
BEH /6 hESC, 2min J& ML 3 2% 1k 38 1k, 800r & .0
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Smin, FE AT IHE. Lh 6 X107 A0/ LA TS
L R Ll & 2 70 20 #EAT /N T4 RNA S5,
# 2.5L #Y lipo 2000 A 2 4~ 1251 #J Opti-MEM
B dE 2. 50 YR 20puM BY/N T4 RNA siRel A
WA 2 4~ 125l # Opti-MEM 153235, b J5 4%
P S AIR A Z IR F 20min J5 & L 2 1
A 250pL FRBGFE YW . 6h AR . BE S 1 &
H 2% CSFBS, 0. 5mM 8-bromo-cAMP #1 1M
MPA i DMEM/F12(JGBy£0) 15 37 5 85 5% 72h, L
AT hESC Wi AL .

1.2.2 Western Blot #& |

i 1] M-PER™ mfi L 30 %) £ F1 il 42 35 50) 42 e
hESC # H , — Mk H fig (bicinchoninic acid, BCA) 4§
I s ) G A ) A Tk R . BRI A BRI A
AR ML 95°C A 1omin, d s H RN . S
R BCA & 45 8 FAE, #E47 o vk DLk 25 2 1 fif
FH P e a0 e & F TR O E R R =
RBW — M & % (polyvinylidene fluoride, PVDF) fi&
L 5 Y BRI A B 2h, In A bt A Rel A(P65) 4L
R 100004 CHEF LA . WH TBST BEMKE 3 ¥, Jf
A ZHL 5 000, R IFH 40min, ik Tris 22
MR ¥ W (tris-buffered saline-Tween , TBST) ¥k & 3
U T 1 58 Ak 2 & 163K 7 Cenhanced chemilumines-
cence, ECL) &G I T Bio-Rad KRG BE G, LU
B-actin YE R NS, Image ] X PF43HT 55 IR A .

1.2.3 % 8F 2 % PCR

) RNA $2 0] £ 32 I hESC 9 RNA,
NanoDrop 2000 # 17 RNA H ¥k FF & &. i
TaKaRa 17 & 36 W 2 17 5 5% 5% M2 i 2 5 PCR,
GAPDH £ AN S, RNA MIX} 5 &80 2%k,

1.2.4 4 & #4L uUNK

Il RS IBCN T 7 BB YRR AR 2400 T JC
WY PBS, TAE W) % A A i R 46 22 vh K (phos-
phate buffer solution,PBS) w2 B il B , Bk 5 H 45d
fRHZ, KT = Imm X Imm X Imm B, A
Ak W (RPMIL640 + 0. 1% IV A & J5 fiff +
0.01 % DAN fi§ [ )7E 37°C & K TH b 90min, LK
RYGHE 1 100pm, 70pm . 40pm & W, Bifi 5 5 33 38 S
AL ZUE L B e & 15mL B0 A5 L ol 0t B0
HL 300g #.L> 5min, PBS B &, Bl )5 F Percoll 4385 5
FE A 92 A0 M. B0 A KR I AL 600m L/ L Percoll,
400mlL./L Percoll,200mL /1L Percoll Fl4i il & W& , ¥
iR 40 ffl-Percoll 1B & W i B .0 4L 800g F 4°CF
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B0 25min, WK A 3 J2,600mL/L A1 400mL/L
Percoll JZ [a] Ay i 15 6 58 40 A, W% TR0 A58 J8 0 28 200 it )2
HEETEHA 10XCSFBS AU HFHEE I %G E
B RPMI1640 3555 5 b, b i L BRI BEAH . Wk H
WAL A A WUk R 40 i, 1) P 0 B A3 ik 1k Ak uNK, BR 7
%S = S B R T

1.2.5 DSC 5 uNK %3 %

B g /N T3 RNA IR 4875 S w6 B 4k 1) DSC
PL2X10° A4l i /LA F oS fL ik T = b, g4k s 1
uNK 2L 1X10° A~ 40 /FL A F LA R 0.4pm 1 tr-
answell F &, 5535 24h, B WHE uNK, TAE
MYE 1) RPMI1640 35 5% 5E rh sl 55 5% 24h, 73 5
A F A uNK #E AT )R SRS,

1.2.6 % X 28 J A A )

1X10° A~ uNK 4 i 85 8 T 100, 4 i G4 (4,52
WIFEIMA 5pl A Fe Z{RBH B, = B & 10min,
A 5pl. PE-CD56 , APC-CD16 K AH R [i] 8 it BE $7 145
UK L REEE R 20min, K VEGF,PLGF B, ¢ [ &
B M, BRI S Mt . B4k 40 i
BWm A 1pL B3t AN VEGF Fifk s 1.1 fRfi A
PLGF Huik, MW H 1h, 5.0 LB ZAPUK, 55
fmA 5pl. APC/Cyanine? 1l 4t /M B IgG Bt f£& 5k
Alexa Fluor 647 J'Hi 4 1gG ¥k, iR B OCIH T
20min, 40 IFN-v 4% & I, [& & &4 5 m A SpL
APC- IFN-y $iik, = O 20min, FiRR M5
YA 2mL 20 i G 60 28 vV U 2 WK AT IR AT .

1.2.7 & =8

AR R U R R 4°C s R R L R H T 48
UM 4 fL I 100pL, 37°CH#EE 1h, HUVEC 44 i
Fi 4 X10° A4 ML/ mL & F uNK B3, &L A
100pL, 557 2 ~6h, {5 & W AUEE T W05 WA 1% B T
ISt SR Image J 200 I 5 17 45 B 8 1
BRI uNK R HUVEC BUSfE T .

1.2.8 12 & %

FHAL#E N 8pm ) Transwell /NE H 1717781
¥ . J RPMI 1640 #¢ 1+ 8 Wy He I fs B LR e, b=
A 60pL ZEFHE . 37°CER 3h, FEMAEH 10%
FBS i) uNK 3%, HTR-8/Svneo 40l il # & T JC il
IR, DL 3 X 10° A4 M /LAY % A T
=, W 36h 5. BB NE, A% 2 R g
15min, PBS ¥ ¥, % F H 0. 1% 45 22§ 8
15min, PBS W& 2K 1% 0, SR8 J5 FH AR 287 4 2 B /) 25 jE
RN, BB T WA T Image ] 4K
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PR R 28 40 M 0 8K i, 3R %8 oNK 13 1R A 4R
HTR-8/Svneo #MI{RZERE ST .

1.2.9 %R £ 5%

HTR-8/Svneo 21 il 35 F T 6 FL AR . 18 40 iy & 1l
J& o 200p L WA REFLAR PO R B, R H
PBS #¥% 2 K, H uNK 5897 48h, 7661 % i
BT oh A1 48h #14% , i i Image ] 81T BT #
1 AUE 4 e, B 98 uNK B35 R 4h 2 HTR-8/Svneo
MMERRE ST .

1.3 GitZ 5

MALE R FH FlowJo_v 10.8.1 #4743 #r . B4
BG83 24 20 B 4d FH Prism 8.3.0 #4743 #r fi
FAYE HhRiE2E (o + o) R, 4L ) Lh g 4 A Al i
XF ¢ k5, Z2 2 ) bRl R B R R O 2240 M, DL P <<
0.05 INHZEREHG I E L.

2 R

2.1 #P#l NF-«B &4 S5 DSC # B F. .4
BFRERE

1 1 S 5 1| PCR Al Western blot 32 &l hESC
YL /NTHE RNA 15 S8 B L5 Rel A Y 3T 2R &%
B, GG SRS M L Y siRel A J5 L W]
B EREAL Rel A B mRNA (1 =10.470, P <C0.05) il

k%

»>

B

B FIBAKTE=7.301,P<<0.05) (& 1A, & 1B. &l
1C) , R YL R 2l B YL siRel A JFi55 S L 7= AR
) DSC H* NF-«B iGPEZ 2130l . 5 K 5 3 H R i%
40 (hESC #H) #f 1, DSC £, DSC + siNC £, DSC+
siRel A 41 i W58 i Ak b 325 9 W 7L % (prolactin, PRL)
FE S B KA F45 46 % H 1(nsulin-like growth
factor binding protein 1,IGFBP-1) A mRNA & ik 7K
A4 53 TR, B hESC W I Ak % S i ) (PRL:
tAEA N 7.971.7.709.5.478; IGFBPL : ¢ {43 % My
23.99.21.64,12.06, P <C0.05), ¥y Jo X741
DSC+siNC 41 5 K 7% 44 ity DSC 41, 19 21 156 g b A 7
YIKERE . SR DSC+siRel A 41 PRL 1 IGFBP1
1) mRNA F k7K KT DSC+siNC 41 (¢ {8 453531
h 5.478.12.06, P<C0.05) , & B e B AE AR B KN &5 5
Wi 58 RS Ak, T 3 2t e siRel A i NF-«B I e , #E 1
00 ) e 5 4 8 Ak Y R EE (BT 1D . 3 e S I E
PCR #ill DSC #4167 41 il 7 1) mRNA kK
L G5 R 5 BB L L 2 R0 R A R A KR R
[, Hoip IFN-v, 3£ 51 4 )8 25 A i (matrix metallopro-
teinase, MMP)9 ,CCL2 22 # A G it 2% 5 X (¢ {55
93.290.6.415.5.095, P <C0.05) (& 1E), A [-4%

FHIVLER Rel A #15H DSC 8 NF-«B I ¥ n] 5 S
JEE Ak 3k R R DG A0 i TR LR Ak R R Rk s

(@]

2.0 = 1.5 sk
p o z 1.5 'g o sk
%.gg ' RAIA S W W 6D 2210
o 3 &) 1.0 [ 6
> 8 = e : 2 &,
£ % E ) E 505
2 f-’:é, 0.5 B-actin . o 42kDa E
0.0 o o N 0.0 S S .
. N . N
9‘5 %Cx‘?’é Oxé&o 9$ %QX‘E’\é Cxé&o
Y P A\ o
D *x E
10 30r *Ak 2.0 Em DSC+siNC
E ok k% [ DSC+siRel A
~ %k
= = 8 s & | S 15k
2E 6 252
283 v 63 o 81.
g & 4 g B 5 &
T“; 1] é % 5] a 10 % o
) # O 5
0 0
%CX xS %CX CXQ,‘\
ARV o7 P

I A BN RT-qPCR A1 JE SR AN Rel A AYUTERELR (n=3) ;B 81 Western blot B iiF 3 5 4il d % Ut siRel A J5 Rel A RIUTERZL R C A
N Western blot 47 K BEH 43 HT (n=3) ; D [&] 2 RT-qPCR £l hESC 7% i B L 1 /5 PRL, GFBP1 4§ mRNA £ ik/K ¥ (n=3);E [} RT-
qPCR 6 00 35 o 240 i 5% 4% siNC 8% siRel A If-75 588 B AL 5 AH G 40 i K F 19 mRNA £3E7KF (n=3), * P<C0.05, ** P<C0.01, """ P<C0.001,
ERMAE Rl AWM ERAREBUBEFRABREFRIAKE

Fig.1

B 1

Silencing effect of Rel A in stromal cells and expression levels of chemokines and cytokines
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2.2 5% NF-«B iF MR DSC £ 35% 55 uNK B 55 siRel A JF 15 0B AL 7™ 242 19 DSC 235 37
B VEGF.PLGF.IFN-y & & % i B & 8 Ji »uNK [y VEGF .PLGF . IFN-v iy BH % He 1] 8. 3% B
) E DSC-uNK [R] # 85 32 4K & . ek uNK Fl 48 % (e 1B 20 %M 6.641,7.743,8.886, P <C0.05) (&
M s TR ez (- 2A) . it i 40 iR % 20) , BB NF-«B {E M2 i DSC 5 uNK 34 41 j
NJFEAR uNK K 4l B, B3 ic 9 40 i BP S uNK, (5 32 4l PR~ 18 2 38 43 WA 9 /0 B 35 A0 OC L 4578 uNK 43 W F A
JE AN ML 91, 1%, g B A R, AT A TR SR 4IRETTIgEZ,
(K 2B) . FfJE WK oNK K720 Kk, 45 5 3%

A B

uNK W UNK

N — IE

TS uNK 4

siNC transfect RAGHT
siRel A transfected-DSC T
10° 10° 10" 10° 10

CD56
c uNK mediated by uNK mediated by 0
siNC transfected-DSC siRel A transfected-DSC ikl

D
(=]

4 FITC-H-
46.9

[N
(=]

%VEGF to total uNK
IS
(=)

25 ek
20

!
100 10° 10° e &
IFN-y "@c5 "éi» *

TE: A BB sINC 5 siRel A 1y DSC 5 uNK 5 35 525078 ZE ;B Y 70 2240 AR 4 E SR IO JEAR uNK B9 26 B2 5 C Bk it =X 40 i
AR LR FR 5 uNK 43 VEGF,PLGF,IFN-y 7K ¥ (n=3), ** P<{0.01, *** P<0.001,
2 B $JE DSC £ 3 uNK B VEGF.PLGF.IFN-y &Rix K F
Fig.2 The expressions of VEGF,PLGF and IFN-7 in uNK co-cultured with the transfected DSC

2.3 5%l NF-«B iEMHER DSC £1E#%EH ¥F L IRAMEFE HUVEC Ml HTR-8/Svneo 4 Jifl .
uNK {8 HUVEC k4 & 88 7151 HTR-8/Svneo 48 RAN R S G 4 R B, S X BB M . uNK 55
B2 & % 88 H R 55 e siRel A FFi S0 R AL 7= 4= 1) DSC L85 5 J5 , H

DSC-uNK 3535 J5 . W B uNK | 75 1F o &1 0HE 3512 HUVEC 40 A 2 248 I K B 0 R4 4K
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BEW D G H R 4.629.5.522, P<0.05) (&
3A) L #E7R siRel A-DSC il 7 uNK & 4ME i & 1

W E R (t=28.329.7.190, P <C0.05) (& 3B.H
30), VL F455 F B, NF-«B i P52 1 19 DSC 7 i@

WAES . RBLE MR LB L RT MK TS St 440 Jif 1] 94 38 A9 7 =S oNK A I IR I R
siINC-DSC L85 7241, 5 siRel A-DSC 3385 3% J5 1) FEMMIZ BTG,
uNK it HTR-8/Svneo 40 i 17 22 5 & Fl T 5% %
siNC-DSC+ siRel A-DSC+ 5 o4 -
uNK | uNK i S * £ 60
<10 H
2 —g 40 =
o 05 8
o m 20
e
0.0 0
SiNC-DSC siRel A-DSC  siNC-DSC siRel A-DSC
+uNK ki +uNK ki +uNK _E#E  +uNK Ei
SINC-DSC+ siRel A-DSC+ 600 *
uNK k3% u i %
SR Y i? P ,_w ©o 400
: ‘ 52 200
p=
0 . .
SINC-DSC siRel A-DSC
+uNK L% +uNK_EiF
C
¥k
siNC-DSC k
+uNK 7% %8
55 .
5 g
prccLopc oy " SINC-DSC_siRel A-DSC

WA B AR FRE SRR oNK B3SO HUVEC (AR 4h 5 K B R & $E 9 AEH (n=3) ;B B Transwell 5255, #51

+uNK_F3  +uNK_EiE

|85 3% 5 uNK

X HTR-8/Svne 4l il {2 22 B J1 B/ (n=3) 5 C & Dy Rl 52 46, 4% T 36 B 57 )5 uNK 3% XF HTR-8/Svneo 4l il 1T % RE J1 195

(n=3)," P<<0.05,""

& 3

P<C0.01,

&t j7 DSC #1238 uNK EiER HUVEC {4M &1 HTR-8/Svneo B EZ IR HIEE D

Fig.3 The ability of uNK supernatant co-cultured with the transfected DSC to promote HUVEC

tube formation in vitro and invasion and migration of HTR-8/Svneo cells

R

3.1 NF«xB 54 EF . #UEAF

T 5% TR 7 gt FE A B JVR B A A B B3 5 I 440 A
S TE SR AN ME AR F R 28 D7 W R Ak 1 5 R L G
KK, (248 L A & (interleukin, IL)-6 . IL-8
IFN-y. CCL2, MMP2, MMP9 %, [a] fif i 5 2 2
NF-«B &b F 3R AN . C A M5 R, NF-«B |~
ZZ5HERRE T AR, 78 U-937 Al HeLa 40
Jf Z i, NF-kB 23805 TL-6 A 06 3 P 36 3k i 5 24
JFi 2z —  NF-«B it EJE 15 11-8 M LR kS, 1t

15

Hb,NF-«B ZBRAKE 7] 25 A 76 MMP9 Ji 8 7 X
B —600~—591 MY FE ST 51, LLiE$ MMPY 1y 5%
ST A DG M B L 5 40 th NF-«B R H 9 B 5%
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