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Abstract HCC (hepatocellular carcinoma) is an inflammation-related cancer, and the tumor immune mi-
croenvironment plays a crucial role in the occurrence and development of HCC. This study aims to investigate the
role and related mechanisms of NETs (neutrophil extracellular traps) in HCC metastasis. The levels of NETs in
serum and tumor tissues of HCC patients were detected by ELISA and immunohistochemistry to examine the cor-
relation between NETs and liver cancer metastasis. In in vitro experiments, a co-culture model of NETs and HCC
cell lines Hep3B and CSQT-2 was established, and the effects of NETs on HCC cell migration were investigated
through scratch assays and Transwell experiments. In in vivo experiments, a tail vein injection metastasis model
was established, and NETs formation was induced in mice using lipopolysaccharide. The effects of NETs on tumor
metastasis were examined by evaluating liver pathological changes and levels of Ki67 protein in the liver. Finally,
to explore the mechanisms by which NETs influence HCC metastasis, the modification of extracellular matrix by
NETs was detected using mass spectrometry, and the effects of the modified extracellular matrix protein on the in-
tegrin/FAK signaling pathway were assessed. The results showed that the levels of MPO (myeloperoxidase) protein
were higher in tumor tissues of high-metastatic HCC patients, and the levels of MPO and neutrophil elastase in the
serum of advanced HCC patients were elevated compared to early HCC patients. Co-culture of NETs with Hep3B
and CSQT-2 cells promoted the migration ability of these cells in vitro. NETs promoted inflammatory cell infiltra-
tion in the liver of C57BL/6 mice in vivo. After tail vein injection of metastatic tumors, induction of NETs led to
an increase in Ki67 protein levels in liver tissue, indicating that NETs promote liver metastasis of HCC cells. The
inhibition of NETs release by ATRA can alleviate the NETs-mediated promotion of migration and proliferation.
Mechanistic studies found that NETs generated hypochlorous acid, which resulted in tyrosine chlorination modifi-
cation of the laminin C1 peptide segment LKDYEDLR in the extracellular matrix. Moreover, hypochlorous acid-
treated LAMCI led to activation of the integrin/FAK signaling pathway. Therefore, this study confirms that NETs
can promote HCC metastasis, and its mechanism is associated with ECM remodeling induction and regulation of
the Integrin/FAK signaling pathway.

Keywords neutrophil extracellular traps; hepatocellular carcinoma; tumor metastasis; extracellular matrix;

protein post-translational modification
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FER 773212, iF 4N g (hepatocellular carcinoma,
HCC) 2 —Fi B AL (1) 98 i AH T At , bh 5 9% 240 . (2
FEAERANE . EREgnff. rhrERign ). JE s dn
MO (A AT AE MM . PN R 40 B ) DA S 0 L 40 2 5 (ex-
tracellular matrix, ECM)3E [7] 44 Bl i I8 T A 55 (tu-
mor microenvironment, TME)7E IF-J& /& f& At 5 22
PEFAES, oo 248 e 2 i 8 fl oA 58w 2 32 (X 4 b
K, WRNEN BN R FRE B . Tk
2 i i #1754 Y (neutrophil extracellular traps, NETs)
A& B EAZ BE I R (DNA) S50 B QLR ik | 2
Tl PR 2 (o S A P i L b s 24 i s
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M, ERKRER 22 [ I3 2 W NETsE ¥ 22 507 9 2 i
PR RFEAE R, JUI MR rdt e . b, s ORI
NETsZ 5 i 5% 8 Je 76 U SC AR A 25% I i
PRI AL 2R AR AE NETs, HIX S8 g #R kA2 1 filogg 4
¥, XHIR NETs 5 U SCRIE I F6 RS B DA 5GP, 1
FLIRE, NETs# ik 1 F 40 B A 25 -6 80 (1 41 A
R -SIRIAEHEEA U, FAh, 4l an i b A
7f NET-DNA‘H 42 ) 52 %% CCDC25, CCDC25i@ it
R 98 4 A () NET-DNA, 38505 3 4 20 I s
/B-parvin{s 5 L k4 7w 4 M i A2 1. AT I,
NETSs{2 3 i 88 20 P 4 7% ML A 22 P, T AT 10
WFFRAE R AR, Pt , AR SCER X NETSTE 41 i
R BOE AL BT TR .

K 2 O 2 e e 32 B pR A1 4 b 53 B A AL
RETR, AR A AN R R EE, ECMZ—
NEENSHE RS, HEREEA. 4
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(R M AL T 2 R R VF 2 R A 45 A A A, XA AT
T 2 5% A 2 5 e 40T R 326 5 40 B AR B AR R DA ek
HINge ™, s E R T 5 s 4 i -
IS RS, WO R iR &6 PLELEE (focal adhesion
kinase, FAK), 5| &2 dn i 1278, 2555,
NETsE 4 g /b Jk o 55 38 b A 45 5 AR A, Bt
NETs_E [ NEF MMPOR IR DI 2 REE 5 A B2 K
AL, T8 2 e R A I P 7L e 200 PR T B 7
SR 3wk 20 R TR 2 23 B g G T DA
IEIN s FnEE DM REERA, SR L
JoRR I ST O REAA , 51 % PN R Ty R R R L 98 0
HET 51 R f AR, 2E FRTIR, NETs S5 ECMZ
B AFEE AR B, Rk, AW 80 H =Nl
Ji A0 3 5T 1 ff BE A 9T NETs 520 HCCH. #2117 1AL
il o

ARG, BATHEFE T NETSHEEHCCHE #4056
oI . FRATHIEAE LW NETsRERURATAY)
HCIOX} 2 %6% 5 [ 1V &y 1 (laminin subunit gamma-1,
LAMC)#AT 7 &AL, M 21 LAMC1 S8
TS R BO/FAKIE B H G IF %2 7 EMTAE G 7>
TR, et 1 s % . R, I RAR A
H, NETsI7KF5 HCCIA R il 2 IEAHOC . A
TR B T3 RIBATA HCCH A% H NETsHIA
W, FE HCCH AKX RmILE . NETsH EHEAH
HCCIRYT B AERE L, 3 — 20 33 NETs 8 2L 0 |
FRET IR IGITHCCH A% B S g AT R = o

1 MRFREE

1.1 #
1.1.1 #mpe# M 58 A KON T e 4 il &

Hep3B. CSQT-2, FUEHE4H M 5 Hepl-6. AJRIT
Jet 21 Y 2 Hep3BAN SR 410 R Hep1-606 H
BleE R Figanio P, NJR 40 R CSQT-2k A 2
L= E A

1.12 $3%3h4h M, 4~8 1 C57TBL/6/N RIK
TILHEREGRAEVRE KB ARAR . a1
TEH YR TR . MRS /R EHES)
SR, H28 5 D6 2 B s 22 B SE AR S AG BE R T 2= 1)
HEHEAILVE S JTUMC2023-018).

113 ARACRBE  ABFAIEE 126 R EIHCC 3

0B I HCC B3 MG bR A, A br A 2T R
SR HEFFIKIN . AHIE 7L CL I 52 24T 238 — R =
FACTRZR o B A E S LS2021-KY-418),
SARKT RIS E T AR T

1.2 753k

1.2.1 ELISAM & HCC & # fo /& ¥ MPOf=NE& &
K BT 2R3 B R GEA R F ik i, 3.0 (F
I 1500 r/min. 20 min)HXIMIE-80 °CLRAF % H -
SEUG I, e s 5 ELISAR A & M 4 °CHUY ,
F i P60 min. fZMEARAEL IR, FEALIIASO pLbxs
LRI LTS , B S 0N 100 pLEg RS (B2 H
FL). FHUG, 37 °CIRE 60 min, YEIESIK, FEHK30 s.
B, NN B 57 ARIB, 37 °CREGIFE 15 min. &
REZEE S5, F B AR DG 52 P 450 nmi R
(D)fH.-

122 %E2AL A% ZRHEEIREEHL4S h
Ja , BRI A . Bl KAk, 13 3%t A E K
IR A YIRS, 1695 CHIPLR B E IR
Y15 min, AR EEEE . 10% 112 1 = 15 35
30 min, 5 LR —$HL[MPO(1:100). E-cadherin(1:100).
Vimentin(1:100). Snail(1:100)]7£4 °CHF B iE %K .
TORE ZhU A E AR e PR 1gG(HAL)
(1:100) 5 7 0% & 30 min, DABYh, 7R AREHE YL, i
IKE M.

123 PR HEmES B LT I 6~8
CS57BL/6/N BB Fk B, BY Lo Sk, FH G I
i RPIM-16401%% , P44 20 e 29 & T 3 mL His-
topaque-1077_, Histopaque-1077 & T 3 mL His-
topaque-1119_F, 2 000 r/min’= iif 850230 min, 1 75
AR G s I Hh MR 4 O A

1.2.4 NETstk4MFF W 2x10° A 1 b 248 it
e 24500 b, 4 e A 4E H R (all-trans retinoic
acid, ATRA)(1 pmol/L)}5 7% 3 h, PRI 57 5 R i1k IR
2 I (phorbol myristate acetate, PMA)(20 nmol/L)
733 h, I B35 -80 °CIRA7& ], % ELISAIR]
UL AR DU 3 R P LR R A 1 41 8
H3(citrullinated histone H3, CitH3)/K V. N T &=
U NETs, 4 2x 10*A o P80 20 i 82 Fh 78 96 FLAR Hh gt
ITABRL AL BE , N2 AN 7T ¥21% DNA YLk} Sytox
Green(0.2 pmol/L) 37 °CE LT E 10 min, {§ %6
AR SO 5 B /R IR 488 nm/520 nmAk 1) 5%
JEAES min M 5E). BEAL, FEREE S5 Rl B
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125 Z&aepi A 8 E B0 RIPA
KRR I 4 2 8, 18 BCATGH &l E
HEEHFAME. FRAIKE 220 pgtk A BFE 3|
SDS-PAGE#EZ |, HLUKZE: R Ko B I B A U %
F|PVDFE F o M5 LR —H [MPO(1:1 000). E-
cadherin(1:1 000). Snail(1:1 000). TWIST(1:1 000).
FAK(1:1 000). p-FAK(Tyr397)(1:1 000). Integrin
B3(1:1 000). Integrin P6(1:1 000). GAPDH(1:1 000)
HIB-Actin(1:1 000)]7E4 °C R E LR . & K5
Ft(1:2 000) = it i H 60 min/5 5 .

1.2.6 ZZ % PCR  ff H Trizolif il A 41
P HE B RNA, 48 H PrimeScript™ RT Master
Mix(Perfect Real Time)¥ it RNAW ¥4 5 4 cDNA.
TNF-o. IL-1B Twist. N-cadherin. E-cadherinfllf-actin
mRNAf#HSYBR greens £ 520 PCR— X =ik 4T &
o HEDN KRR N BB R ) pR K, FRifd 24Ty
EHAT T SR HITE AR L.

127 MEmiedsae N 7 EEssegs il e
NETsX T-Je 20 BT 7 1R 52 0, i B A P4 20 B P A
J&, B BN 44 Control41. ATRAZL. PMAZ..
ATRA+PMAZ]. ATRAZIFIATRA+PMAZLJII AATRA
TRALFE 3 h, 2 J5 F I PMAZLAT ATRA+PMAZLF i
NETsi75 S5 53 h, 5 $NETsJ5 25 138, Y inAH
fEEREFEIEMAT , 1 400 r/min’=E 250 5 mindit 5 NETs,
W USCER ) 4% 2L 355 3 R0 IE % 15 7 L 10 1 TE 1) R 45 4%
M SFAT R TR

¥ 2x10°4> Hep3BFN CSQT-241 B 27 T~ 24 5L
eh 2 i R FEE O B 90% I ok £ i HEAT IR 5405 ,
T 244U 43 S BURE R AR 55 7R 5 250 wL, FAHA
& I3 B DMEMAN 22 500 ul, 24 hJ 7 Bk R0
i

I3 HIEL 2x 10> Hep3BAI CSQT-241 ity , 70 T
Transwell b= | L R =478 F LA R KB
Fedk ) B35 24 h, U Transwell/NE , Jo/K HEE =06
fi %€ 15 min, 0.1%%% & 58 % IR 4L 420 min, PBSYEYR2
R, 5B B TS
1.2.8 LPSARA 55 NETs#) B4k 4H 44 B 42
Al N T e LPS 5 (1 NETs X e 4l i 4% 72
RS2, 24 K 4~8JE 84 1 CSTBL/6/IN R BENL 23 4
2H: Control2H. LPSZH. ATRAZHFI ATRA+LPSZH.
4 5x10°4 Hep 1-641 il 73 5 31 C5S7BL/6/)N B & i
fik. LPSZHAILPS+ATRAZ : £EFG 4K, £/ IR
FESLPS(10 pg/mouse) & 1753 NETsHJil, Control
ZH AN ATRAZL /N BRIE s v E S S &0 PBS.  E4h,
ATRAZ A ATRA+LPSZH /)8 R A i i v H 17
4 T ATRA(10 mg/kg), ControlZH A1 LPSZH )/ il
B A TN . 8 5 AbFE/ N, B AT,
R N 4% 2 R €24 h, T /5825050 .
12,9 K TF#HHB ) SAEHELE 4% K
[ 58 214148 hiE, K IEY) H . TRk Sk g
10 s/ it o, PHET e s s. BKE T, HIREE
1.2.10 @mfefszsion O EIHA K I Hep3 B4
Jfl, B 500 pLZH M S M T8 A 2 B IR IE

&1 51495

Table 1 Sequence for primers
ElEZE2 F51 (5'—3")
Name Sequences (5'—3")
B-actin F TTG TGA TGG ACT CCG GAG AC
B-actin R TGA TGT CAC GCA CGATTT CC
TNF-a F CCA CCATCAAGGACT CAA
TNF-a R CAG GGA AGA ATC TGG AAA GG
IL-1B F GAA GTATGC TTA GCC AGT AAG
IL-1BR GAG CGT CGC AAT TGT TGT GG
E-cadherin F AGC AGA ACT AAC ACA CGG GG
E-cadherin R ACC CAC CTC TAA GGC CAT CT
N-cadherin F AGT GGC AGC TGG ACT TGATC
N-cadherin R CCG TGG CTG TGTTTG AAAAGG
Twist F GTC CGC AGT CTT ACG AGG AG

Twist R

GCT CTG GAG GAC CTG GTA GA
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245U, BEFLIX 101, 7237 °CREFRM 1%
7724 ho WG H ARG FRA A S8 A R IR AL 11 1)
ELBTR A, WL 500 pLIn AR5 FLH, 7537 °CH; 7%
k2577 24 he FIGIRIE, 4% 2 S = IR 4]
5E 30 min, 0.5% Triton X-100% #5i831% 20 min, 10%
L1 2 1975 25 35 6 A1 30 mine FEE P, SLAF —#t
[Fibronectin(1:500). Integrin B6(1:500)]7E 4 °CHE &
. % K5 Pt Alexa Fluor 488(1:500) = Jii. iiF
H 60 min, DAPIYL A, MG R PR ACH KE i,
ORI M.

1.2.11 AR ECMAR A& & Aisih kPt
T EOA A K I Hep3BAN A, HXS00 L4 o A v 2 ol
F10 e KA, AR 110400, 7E37 °CHE: 740
HRE R 24 ho KgAK A R 7R B N 50 A B R 4%
LRI LGRS, WL 10 mLAn AR &, 737 °C
BEIRAE P Ak 97 24 ho FRAUMIE R (RO &
(ThermoZx 7, S| Y1t BH 4 HU A fu s &1 2 11 o, Wi
VR, Ve ARNS % 22 %S 1 [ ELBIR A, 95 °C
T 10 min. HIKEVIRE R Bifg R A B
BHE A IR A T3 T LC-MS/MSZ3 T, LC-MS/MSZ3
K 2 i RO (i R 40, E N 300 nL/min.
95%Z% M A(0.1% F IR ZKVE W) ikt fa , {8/ B 3h
HERE AR FE i _EFE TR AR (Thermo Scientific Ac-
claim 2 & ] PepMap100, 100 umx2 cm, nanoViper
C18). K4 H1HE(Thermo scientific EASY#F, 10 cm,
ID75 um, 3 um, C18-A2), &} 300 nL/mini{T 5
Bi. 4B Ja HIRE S F Q-Exactive S AGHE4T 20 #r
1.2.12  Western blot# M NETs A= &AL 1545 ¢4
LAMC 1 2} # A% /FAKAZ 5 i@ 3% 04 T AL ¥
PERLZH L (2 109) B2 el - 24 FLAR h , 45 4 P 422 30T i
BIEIMNZY . L85y 440, Controld: I
FHE K, (dimethyl sulfoxide, DMSO, 14.1 mmol/L);
NETs#% $40 : i A\ PMA(50 nmol/L); NETs#1|7
FLZGH: INNATRA(1 pmol/L); NETsH[f|2H: hn A\
ATRA(1 pmol/L), F I A PMA(50 nmol/L). H -,
ATRA 5 PMAYF DMSO% i . NETs | 7 8. 24
ZH AT NETsH# 4125 I\ ATRA(1 umol/L) 37 °CHEf
A 3 h, ControlZH A NETs 5 54 it A\ DMSO 37 °C
¥ H 3 he 3 hja NETs5 341 M NETsHI 6] 41 m A
PMA(20 nmol/L) 37 °Ci# &3 h, Control L FINETs#1
HIFR B2 4 I ADMSO 37 °CH$E 3 he Y4 iE4T
Western blotSZ56 , Al #E & 2 . FAKSE AR K

AR . 3 5K LAMC1ER (8 R FTHCIO8; K
PBSYATRAC 1 mg/LALAMCI1RERA1400 pmol/L
FIHCIORE . FLAMCIREE SHCIORHR =i R iR
e B30 mindk AT A, [FI ]2 PBSKT R, e
PERIA M 2x 100 Fh B 6 FLAR, Frizeiifil & 5 IIAZi4,
SEBG43 NPYZH: ControlZH. LAMCI+HCIOZ1(125 pg/L).
LAMCIZH (125 ug/L)FIHCIOZH(100 pmol/L). #5524 h
J5 11T Western blot3256, fr #4525, FAKSSE A
KRE AR
1.3 Gitoh

R 1F 53 MK ] GraphPad Prism9.0% 4. Frf
(B 2 =k LA b 55 S5 B 15 1R - 34 45 i R
(mean=SEM). 5256 20 2 ] LR F )52 JE okt st
5, P<0.05K AT LACHAFAEGi i Lo *P<0.05,
#%P<().01, *¥*¥*P<(.001, ****P<0.0001; ns, ¥ S it

VSN
FE N,

2 H#R
2.1 SHEBHCCEEMFMATREHELEFANETs7K
THE

AT HCC /35 43 4 5 A T 128 3 4% 7 (M0)
ZH RN A e i FE A% (MIM2)ZH . A ] ELIS A A6 )
HCCH ML §1 i MPOMI NEZE 1 /KF, L MOZH A
MIM24H 2 |A] e MIENETs/AK 2 5, 45 R 1A
Fiso. BE%E HCCHIELFEAZ G N, MIM24H &5 L35
s MPOAI NEZE 1 /K P &88i At 5. MOZEL R 3 1L i
MPO/E 7K F-9428.7+139.1 ng/mL, MI1M24H i34 IfL
TEHMPOIE 7K T N662.4+191.5 ng/mL, MIM241 &
I35 MPOE 7K T35 5 T MOZH B, 259 MO
HEBEM 156, BAS R L (P<0.01). MO4LEH
M5 3 INE R F 7K F 4 17.77£6.49 ng/mL, MIM24
F I3 I NER (17K T4 32.36£13.61 ng/mL, M1M2
B MIEH NER KT ME T MOAEE, 48
MO B B 145, BAA G5 L (P<0.01). Z550]
3, FEANFER M BERIHCC AR A, BEHAHCC 3
A& NNETs/K 15 T B HHCC % .

IEAk, ksl A [F) 4 4% B Bt HCC i 38 s 2H 27
HINETs/KF, FoA Td i gk e B fHiR 56 # HCC
SR S 223, SR o AL A VR A I e 2L 23
MPOZE I HKIERE M. 253 (F1B)KI, S51KFF
HCCEH ML, H#FE HCCE & FHEH 2 () MPO
EAEKCFRERM, HEASI %58 L(P<0.01), 45
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#; MIM2MI(n=10): W17 zE3i £ 2 MPO: Bl SULPIIS; NE: PRI AH L 3 2R (18 **P<0.01; B: HCCE 3 i 4L " MPO K 1 1) 32K
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A: levels of MPO and NE proteins in the serum of HCC patients at different stages of development, different colored dots represent different groups,
with each dot representing one patient. MO stage (n=12): early stage without distant metastasis; M1M2 stage (n=10): late stage with distant metas-
tasis. MPO: myeloperoxidase; NE: neutrophil elastase; **P<0.01. B: expression levels of MPO protein in liver cancer tissue of HCC patients. n=3,
**P<0.01.

Bl NETsTEHCCEZE MERAT AR HHIKF

Fig.1 Levels of NETs in the serum and liver cancer tissue of HCC patients

BT, S HCCEH MR A2 FINETs/KF 7t swelliE &t B (K 2B) & : 7E Hep3B4I iU, % 4HiE

= A %05 514« ControlZH 198+2, PMAZH 57043,
2.2 NETs{ASMEFEBFEMpan) T ATRAZ%1187+6, ATRA+PMAZ%1312+23. L Control4

AR R H PMAR I E S T NETsHI A FHEG, PMAZ HIT# A E A B3 2, A S0
B, R T R ST NETs X i 40 L #% i se i, 4y B X (P<0.000 1), 1#if] ATRAFIHINETAE K )G, 5
)38 L BRI A0 Transwel B I NETs % Hep3B  PMAZLAHEL, ATRA+PMAZH i #% (1 40 ik H 2%
M CSQT-24M T B rszm . RIJRESE R E R : I/ (P<0.000 1). 7ECSQT-240fu, & 2HIT 4% A4
Hep3B4ifiti 4 ControlZll. PMAZL (NETsi% 5 41) 1 HI%055 5N . Control4H. 117+13/, PMAZH 199211,
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Fig.2 The effect of NETs on the migration of liver cancer cells in vitro
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A: diagram of experimental metastasis model by tail vein injection. i.v: intravenous injection; i.g: intragastric administration; i.p: intraperitoneal injec-
tion; qld: once every day; q4d: once every 4 day; B: the effect of NETs on liver metastasis of liver cancer cells, the level of Ki67 protein expression in
mouse liver was detected by immunohistochemistry, 7=3; C: the effect of NETs on EMT, n=3. **P<0.01, *P<0.05.
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Fig.3 The effect of NETs in vivo on the metastasis of liver cancer cell
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Fig.4 Modification of LAMC1 in ECM by NETs
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A: the effect of exogenously added chlorinated LAMCI on the protein level of Integrin 6 in Hep3B cells; B: Western blot analysis of the effect of ex-
ogenously added chlorinated LAMCI on the protein levels of Integrin 6 and FAK in Hep3B cells; C: Western blot analysis of the effect of NETs on the

protein levels of Integrin B6 and FAK in Hep3B cells.
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Fig.5 The role of NETs in the Integrin/FAK signaling pathway
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Fig.6 Hypothesis of the mechanism by which NETs promote HCC metastasis
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