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NFATc4 i3 ik 10 R0 Z A0 R, Kl NFATc4 19368 I L5 MMP2 Fl COX2 HRIBH M ; F F asie 1 21k 2 A6 D)
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RIER R ZE, HER S5 MMP2 Fil COX2 BIFM K. X 3 FirF7E 3 FiE i 6 W W R 40P R B W8 T RN
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Abstract: Background Studies have demonstrated that the activated expression of nuclear factor of activated T-cells,
cytoplasmic 4 (NFATc4) can promote the progression of malignant melanoma with different subtypes. However, the target
molecules of NFATc4 in melanoma and its expression across different types of melanoma remain unclear. Objective To investigate
the expression levels of NFATc4 and its targets MMP2 and COX2 in melanoma cells and various melanoma subtypes, as well as
their correlation with clinicopathologic features. Methods Melanoma cell lines with NFATc4 overexpression were established to
assess NFATc4 function and its association with MMP2 and COX2 expression. The expressions of NFATc4, MMP2, and COX2
were examined using immunohistochemical methods in 11 cases of cutaneous acral melanomas, 10 cases of cutaneous non-acral
melanomas, 15 cases of nasal mucosal melanoma, and 10 cases of pigmentation nevus. The correlation between NFATc4, MMP2,
COX2, and clinicopathological features of different types of malignant melanoma was analyzed. Results NFATc4 was found to
promote the migration and invasion of melanoma cells, with MMP2 and COX2 expression showing a positive correlation. The
expression of these three molecules in the three subtypes of malignant melanoma was significantly higher than that in pigmentation
nevus (P < 0.01). Furthermore, the expression levels of melanomas in acral and mucosa were higher than those in non-acral
melanomas (P < 0.05), and NFATc4 was positively correlated with the expression levels of MMP2 and COX2 (P < 0.01).
Conclusion These findings suggest that NFATc4, MMP2, and COX2 may play roles in the initiation and progression of acral and
mucosal melanoma. However, further investigation is required to elucidate the specific mechanism of action.

Keywords: melanoma; nevus; NFATc4; matrix metalloproteinase 2; cyclooxygenase 2
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M EFTERT ik s i U, SRR 22 S AEAE
B RRBIAE K, Sy e g 45 5 2 95 9 1)
ML ER it T 1 T

AR 22 F6F T PR v R €0 2 90 1Y) B2 e
SRR ST R, I T A% I F 4 (nuclear
factor of activated T cells, NFATc4) 7& it A 6 K
SR R R, PORIZN TR RETE RO R (R
TR kA R el CEVE I P, SCHRHGE NFATc4
TE Mg i R GRS — S g R 28 L B
B . 251 LA R B8 R R RARDG, B NFATc4
1 22 35 1 I eg AR A AR A S A 22 B, NFATc4 1]
REs e — M E S bR S, T DR R4, e
EHREMBSNEES IG5, 5 HAL NFAT
AL, NFATc4 BUFSEAEXT D . SRR 2
(cyclooxygenase 2, COX2) &&—iFSHE, 7ERIE
TS SRR R MR N7 A, TS 505
b B PR 0 e A R Yy R JB 4 JE A 1 T (matrix
metallopeptidase 2, MMP2) J& MMP % H [ 85 2L
B Z—, AR g 1% e A R Bt A vl AR
Mo TR, 6 NFAT Af 32 MMP2
B FRIRTEPEREAG, AR T3 e, BEAEAoE %
Bl NFATc4, COX2, MMP2 7£ S0 208 ¥ 5k
EIHUS, NFATc4, MMP2, COX2 7 A [R5 1 %
PERR A I Y RIS IE B R WARGE

AT 5 U0 B v 2 £, 2K 988 41 2 (acral melan-
oma, AM), dE I ¥ BB 4 K 98 41 21 (non-acral
melanomas, NAM), ZfiE (4 FFI 42 (sinonasal
mucosal melanoma, SNMM) Az A Y55 Ay 22 {4 2
A 2R A375 HRGTI MMP2, COX2 s St 15
T NFATc4 R IKKF-, FEHIEERBHAE AL
TR AR S o

1 HRSF®

1.1 ApSiKF

NIEJFA RN R A375 14 [ 36 ER
B YR (ATCC), DMEM $557 4 (Invitrogen
4y A, C11965500BT); Jit 4 1L 35 (Gibeo 2
19042772); %% % R WL (Life Technologies 23 ] ,
15140122), # & (BD A &, 356234), ¥t
A NFATc4 ¥ 3T (Santa Cruz Biotechnology, sc-
271597). WA MMP-2 #ifii (Abcam, ab86607).
HPi N COX-2 BT (Abcam, ab179800). fits4H
b 44 538 K & (PV-9001/PV9002). EDTA & & Wi
pH 8.0 (ZL1-9067). DAB kit (ZLI-9018). PR}
(ZL1-9555) ¥ At st A2 i A ml o bl s )

£ PrimeScript RT reagent Kit with gDNA Eraser
(RR0O47A) g H H 7 Takara 2 7 . KAPA SYBR
FAST Universal qPCR Kit i Ji] ¢ (KK4601) It [
% [ KAPA 23],
1.2 ERERA

WL I e A 4 L S B 2013 4F 1 — 2023
1 ARG EENAEALRRA, BRI
RS 116, H kAR s 2B o 208 4 2
10 . SRR R R ZL 15 . K R A
2110 ], AR AWM D ERE AR R 2
WALE, HHS . S2021-626-01, Frf &%
FBREFES . BEIGRTRILE 1,
1.3 ZHREiESE

NVR A BB R A R A37S A&
10% Jifi 4 L35 1 19 WP (F R R MR R) 1
DMEM E; 32 3L B T 37°C . 5% CO, B R F 46 h 15
3%, R 2 ~3 d B
14 ®EALLEE

SEES A3 AR IR (B RIBLH L) ML (K Rk
iz R0 BB A 2 L R IR Mo PR (5 B R A 2
SEFRR ORI L), VIBUREZ 5 pm 141 154

%1 NFATc4.MMP2,COX2 EARR LR B EEBHRE
BESARIGERIFRZBEIMX R =36, Tts)
Tab.1 NFATc4, MMP2 and COX2 expression intensity in
different types of melanoma and their relationship between
different clinical features (n=36, x+s)

i g NEATRR MMEZR COMIR
AR
<60% 15 2734326 7.44+287 127+1.99
>60% 21 4224290 830+3.18 1.79+1.66
HA -1.444 -0.830 -0.865
PlH 0.158 0.412 0.393
5
5 16 3.58+3.77 7.52+341 1.40+1.73
4 20 3.62+2.54 828+275 1.72+1.88
A -0.033 -0.743 -0.526
PlE 0.974 0.463 0.602
ENGES
Ji i 11 248+0.05 7.30+0.14 1.67+0.05
EFia 10 1.75+£0.05 6.54+0.18 1.33+0.05
Bl 15 555+0.11 891+0.17 1.60+0.07
FlH 2178 166.5 28.23
PE <0.0001 <0.000 1 0.0009
EEP AR
H 16 410+£339 8.17+355 2.15+2.14
Jo 20 320+2.87 7774265 1.12+1.36
HA 0.850 0.387 1.758
PlH 0.402 0.701 0.088
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gy, . Kk, PrEBEE (A 8% EDTA &
HWm R, BER (OrlmA 4% Z R PEE
0.1% AL PRI . 1% HRRIEW), HEBH T
RO, A 3% d8asmlmE
10 min; PBS AW YE 3 min, 3£3 ¥k FAIA 0.05%
Triton-100 i & 15 min, PBS & ¥t 3 min, 3t
3K, JNA 5% BSA & 1 h, JEIIAZE 4 REH
—HL, £ 4°C IKAEE R (] =12 h), PBS I
B—PufE R AEX R, =R & 30 min, PBS %
WUE 3 min, 23 WG MATE YRR 4T, =il
% F 20 min; PBS W PE 3 min, L3k, B
FHZEMK R DAB Je e, BoE K 1 0 50 M TAE
W, TEINE A (30 s ~ 10 min), WAELER I H AR AR
B, ZEMRUKYE 5 ming Y. JRARE 1 min,
MR 1s, @KW 1s, Z808/K¥E 5 min, 3k
3W; Wik, EH. BED . T, M4 3 min, —
2R T . 145 5min; ASIEAHLE R, BHEEENH
YL
1.5 RBRANERAE

A T N T80 B 4 240 i BH P 4 1Y
Yefe i B K PRGN B o B IEA TR ), ot
04y, WEE GG E) N 1y, RiE e b
) h 2 4, AR RYLE) O 3 3 BN T
HETE<10% N 14y, 11%~50% }92 4%, 51%~
75% H 343, >75% K 4457, TREAALLs R P
24 17 JOR AR B P U R FHSCH iR b ST B R, ARk
FBEALIEH 5 A~ = AL (400% ), A A OLET
T 50 AP dn i . FEAN M st m A i, EEEH
PEANR Y R B, TR B o b, kR
FE R BT o B 3R 15t AR A3, PRI 2 M REAR
oA EE . <3 0 mEE, =3 2l .
1.6 EBRFBEEANERLERRBHM A3TS

A375 HILL 1 x 1054+ 12 fLicd, H
% 10% FBS ) DMEM 5% 4 85 F H 3G b .
40 pL NFATc4 5%t I8 Phage 5 20 18 % 25 e 455 W hn
ARRFRIET, BRAERIRS), ALK N 8 ng/mL
) Polybrene $2 =y B YLsiR [A] A g7 X HEZH o Je%
e 24 h e Bl H S SRR SRR 5, T2 h JR T
D) N RTA T e 23 T S b v O i
ARoriE & GFP 2B 4i e, A Mfase &k
NFATc4 (2 fIRE
1.7 EEPEEEE PCR #&illl A375 4ia+H MMP2
K COX2 Rix

fifi ] Trizol Z4 i ZH ifd (A375-NFATc4, A375-
phage), fIIA S0 FLR N B HR HUAH AL S RNA Jf i

A3 B I 2 TN B AT, 28 S B A cDNAL, R
FH CFX96 5285 PCR il RSk A7 3L 6
RAHT (A B 05 )75 3k 2).
1.8 Transwell T 522316

FHTIA 114 TG I 775 FH it 5% 37 o 3 okt g 1 o
AH R MR BE ) TAERE (6 ¢ 1), %4> Transwell /NZE £L
A 100 pL TAERE GERSLS R H HLERAE), Ytk
AL iy A375-phage Fl1 A375-NFATc4 40 fifd, JH
JCI s DMEM JEAil G52 i, DL 2 x 1094L1IY
MM RN ) Transwell /NERI EEZEF, T
A A 20% 17 1Y) DMEM 58 2 1 77 5
BiFE24h 5, FRIHEEFRE, 4% ZRWPEEEIR
F 15min J5, W3, PBS WG 1 ~2 K, &
T8 0.1% 25 i 58 Y W00 1 7 47 28 200 M 1D i)
6, PBS ZmiRIETE 1 ~ 2 Ik, MR b
IS 1 20 S P ) A B R R E) I s
TN, FRRIEsE,
1.9 SitESH

i SPSS 22.0 il GraphPad Prism 8 % f4-4bFH
B, THEVORIY DL s+ s 3R, PR IR) 800 L
SKRH K25, Z4LRIEUN BRI T 2250 0T, 4%
AR B %3k 9 B B9 AH S 2R Spearman #H ¢ 4 43
Bro P<0.05 WZERAGI¥E XL,

2 #R

2.1 NFATc4 ERinEBEEALADHRIE
XTI PRAEEAS AT e AL e B, 11 44l
Jilz vity B 0 R R 15 {91 6k B PR (L 2K R 4 41
NFATc4 2 0% P8, Mk S A kA
Gy A5 MAE 10 B3 R 2 60 208 v 22 HiCZE PH A
o3 s EEREAL LT R WLHME (P<0.05), U
K 1A, F 1B, %1,
2.2 NFATA BEREMNEGZEMEMBKETL
B NFATc4 Mt EEEEAERTIBSEEENNER
ST NFATc4 5 E R RE L BRI
FHICHE, AWFFER 0N B B L I T I TE R AR

=2 5¥F7
Tab.2 Primer sequence
A 519751
F: 5-ACCCTACAGATGTTCATCGGC-3’
NFATc4 R: 5-ATTCCCGCGCAGTCAATGT-3’
F: 5-CGTCGCCCATCATCAAGTTC-3’
MMP-2 R: 5-GTCTGGGGCAGTCCAAAGAA-3’
. F: 5-GCTGTCCCCACATTAGGCTT-3’
COX- R: 5’-GCTGTCCCCACATTAGGCTT-3
) F: 5-CATGTACGTTGCTATCCAGGC-3’
Actin R: 5’-CTCCTTAATGTCACGCACGAT-3’
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TEARM A375 TR EE NFATCc4 Fa & o Fe ik 4 bk T
HEAT 5% SRS RV A KO- I 580 o 45 SR IE S
A375 NFATc4 ot i i F 18 40 M vk A st ke oy,
K 2A F11% 2B, Transwell iF#% 512 285256 45 1 i)
7N, FHHCXTIRZ], NFATc4 28k 4 4T 517
ZERE I3 (P<<0.05), ULIE 2C 1A 2D,
23 NFATA EEMEAREARPNERARS
MMP2, COX2 HIRiAH XM

I H qPCR $: AR A A375 4l Jifd o NFATc4 .
MMP2 fil COX2 By K iEKF-o SR BN, IR
ik NFATc4 Jq A375 Zffifd th MMP2 Fil COX2 )3
KT E IRAH EF (81 3A: P<<0.01; [#] 3B:
P<0.05),
24 MMP2H1 COX2 EfimEBRBAHLATH
Fxix

FIH Ho 5 A A G (B 75D 92 R R L 3R L &
(PSS (Y Yk S Rl S
MMP2 | COX2 [RIBHE M . 45 RN, 768w
B ZIEHS (n=11) MFEPFERAREHL (n=15)
Hr, MMP2 5% BHPE A5 5 R 3 20 A1 T 4[5 Fn 4 g
B, BEFREA; fEAERRR A RBEAHL (0=10) P
AT RLEAE S A RS %, eIl 20 LR
Tk (P<0.05), WL 4A FIE 4B, COX2 7E S
Ui PR A R SV B R R A 2 b R MR
ik, FEAER RO RS P R R,
fLTAMT, 2IREG,; R b I
FKik, ZRHAEGITFE X (P<0.05), LK 4C
FIE 4D, X5 MMP2 il COX2 7 A0 20

HR IR T OEORE, 8 B0 R O AR R

@ AM NAM

R PRI TR R AR, Wk 1.
2.5 NFATc4.MMP2 .COX2 53 ERZET
B I PR AFAEHE K 1

MM EE T, NFATc4 WA RO EIH
HYE ARG DG, 7 B P 60 3R T RN B R (B K h
) Ze IR TR B R L 2 (P<<0.05), H5ABHEM
e, RS RBA CERTUE SRR TR E
A (P>0.05); MMP2 Fl COX2 [alFE7E o il
R R R P R R IR R T AR R AR (P<
0.05), SEFREN . FWE . RIFEAL . KAk
A EEFHZI R EHCHE (P>0.05), W% 1,

Sperman AH ¢ 1 43 BT 45 2R 7%, NFATc4 5
MMP2 7£ MM 40 21 v i) 3R 3K 5 B 52 TF AH ¢ (=
0.797, P<<0.001), UL 5A; NFATc4 5 COX2
TE MM 2 i R K 08 B 52 TEAH G (7=0.508, P=
0.002), LK 5B,

3 e

s i R 8 P 2 R A 1/ 22 () 14 I PR o 2
FRE, QIERBIERM | T2 R A K By
B, WEMNEREARKRUETGE AR, Hik=H
b 2B 0 B R R WL IR Bh g A, AR I ARk
A ZR AT S T — e, (HaX ey
SR YRR R RN 2R FRE R £ 2R R B Y TR PR LY
PRI PR BN (] 288 70 B0 3938 11 A o AL il X P s
B BRI B WA R E X,

NFATc4 ) NFAT ZIGEM SR HF2—, %
FI| Ca® /A5 JHBER B 5 30 . MO Z PR R
B, S B0E 9 NFATc4 2 50984 7 2 # i

®

P<0.01

P<0.01
P<0.01

6r P<0.01 P<0.01

NFATc4 THC

AM NAM SNMM (f &

- o =
L < ST i'@ = &o- TR o SN S AR
NFATc4 7B M e R R A AR B B A F AL FIRR AR ARIBHL AL BE2R (A, 400 < ) KIFFIRSY (B).

B 1 NFATc4 EREARBERERIE

Fig.1 NFATc4 was highly expressed in acral melanomas
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@ 200 r P<0.05 20
<. 150} [ A375-phage  A375-NFATc4 ’ P<0.001
7> 100 ¥ 15
2% 50t NFATc4 100kU wy ¥
e 310
=Xl 3 X
EE L Actin | | 42kxU & E 0.5
z, - . —— Gt -
0.08 1.56 0.0
@ A375-phage A375-NFATc4 @ A375-phage A375-NFATc4

T

600 P<0.001 400
e P<0.001
300
= 400 =
= =2 200}
§ 200} s
100 +
0 e N 0 o N
«ij"o <o X\'bo"’ <o
n;\gr‘? éQ?’ rg\"’Q éQ?*
> N> P> N
fad fad

A: A375 BA5E K NFATc4 19 mRNA F3k7KF-; B: A375 B4 E #k NFATc4 135 1335 KF; C: Transwell /N TR 528046 1 NFATe4 %t A375 48
MIIERSHE ST U5 (400 x ); D: Transwell /NE (R ZESLIKEI NFATc4 X A375 4R ZEHE T BURZIE (400 x ),

2 NFATc4 i FRiZ MR E ST I ITE R NFATc4 3 E B BT R 52 ZHNET

Fig.2 Verification of the establishment of NFATc4 overexpression A375 cell, the effect of NFATc4 on melanoma cell migration and invasion

®, 0 oo ®, . B AR OUNIR T FUIRE . AR,
. — . pe0os N AR N Y U N NS R ) oS
Z st 220 IR B A 2R BB L (AR R RS B, 5 LA
i o LS NFAT & FIMIH, NFATc4 765 (5 208 h i 26 il
= Z ol Hifie H ARG 1 R RIE—Xiao 45 % I FHl 63 5%
5 s 5 JAE T PRGN F) NFATe4 76 B2 R SR AN i . Sk
E ER JRATNHE . RO FE R R A S R RIS, 1

00 . 0.0 TEH PR S R FEH LUK IE, NFATc4 il

?295&‘& <SP 5 TR O A h B A BN ST RIER

A’
R

K ABIFTE e B NFATc4 75 15 i B b I 8 40 3008 v 1Y
MMP2 cox2 BHAE ik & TR o AR (U8, I NFATc4

A: MMP2 7£ 3 3 35 NFATe4 1) A375 B i # 1 19 mRNA 357K - N
5 B: COX2 fE3E 315 NFATc4 19 A375 T3 Bk 1) mRNA ik 18 R BT 3R e BUR 5122 () 2R @ 5OR 2R B 3k

S B R, LR IRARE /R NFATC4 78 B A K7
B 3 I3k NFATc4 TR BB A375 53TEEH MMP2, Bk, HIFE A TRE S5O AR B ARG
COX2 MRk

) NN iy BT S >N B
Fig.3 Expressions levels of MMP2 and COX2 in NFATc4 overex- NFATc4 ﬁé&j‘j Hiﬁ'ﬁ %ﬂﬁﬁﬁﬁm\@?jg%ﬁ E’JTZ[ZIEE %n
pression A375 malignant melanoma cells versus control ‘Jf:?ﬁ %ﬂ_]“"]—i o
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P<0.001 @ P<0.001
o g £<0.001 P<0.001
<0.
=0 P<0.05
O 10 P<0.05 P<0.001 2.0 P<0.05 P<0.001
P<0.05 @)
=8 == Z 1.5
~ 6 =
1.0
: s :
S o 0.5
0 0.0

B > o » > o
DAY Sé@’ ,?;4%« 2N C\’é@’ k?j%
A, B: MMP2 78 o 2 (0 R A1 4 o B (0 3R A 2 R
FRAL . A FIBA L e A G (25 R KT HIT343 (400 x ); C.D:
COX2 B B O RMA L AL | AR Bk B O RTAL | R
B O FREH R s A Y 85 R RIS 53 (400 % )o
E 4 MMP2 & COX2 EliHEBRBHAMPHRIE

Fig4 MMP2 and COX2 are highly expressed in acral
melanoma cells

Transwell 1T 512285086 5 B, NFATc4 11
R PR T RO AR A375 RITRE A
fRZERE ST, HE/R NFATc4 ] B3 ot 2 1 Fifr 8 240 i
I RS AR 2R AR AR W) T fE . ARWF5E G
T2 55 S A43F MMP2 Fil COX2 #-5 il 5 %
G, MMPs 7Efilife . B . 4l . L@ A
A i S e R vh s ek, HLS IR R R
FIAS B 1305 2% YDA G 12161, MMP2 AN AT LA B fiff
20 i S DL A2 S IR A L HEC, 3 B A R AR B
20 1t A5 A bR 1R 2R 5 e A% U coX2 TE il
U e PO RN LN Y v e BE R AR TR A2 E
TR Y R A R o TE/IN BRI PR R R A Y
rh - A 2 5 KT 1) COX2 ik 221, coX2
T e 200 P 1) B 8 R BE -5 A N A A B S

@
12 + e o o
10
2 8t
=
= 6f
4 F r=0.797
® FP<0.001
2 e o ® L 1 1 1 1
0 2 4 6 8 10 12
NFATc4
B

COX2

O L9e oo geee oo

0 2 4 6 8 10 12
NFATc4

A : TEER (O ZHZH 4 NFATc4 5 MMP2 13530 2 IEMSS; B 7E

e IR NFATe4 5 COX2 Ry RTRE R IEMSE,

5 NFATc4.MMP2,COX2 7EiEM BB EBALARRIARERN
HEMESH

Fig.5 Correlation analysis of expression intensity of NFATc4,
MMP2 and COX2 in malignant melanoma tissues
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FRMmERIEMC, Rk —P Rk, &It shs
¥y, TEilF3K NFATc4 (1) A375 4iffaf, MMP2
COX2 Fik AR HE N, X Less LB NFATc4
A] E I i R4 MMP2 1 COX2 412 37F it g 4 it i) 1=
5B UIRE, W kEHAYAEN .

AW 5T 3 S EE B, NFATc4, MMP2,
COX2 BB aRIE P RIL . 12Kk NFATc4
Al 2B R MM 4H MR 5 R 2R 1 s MMP2
1 COX2 2 ik WHE % NFATc4 1 35 1M FH &
AT IR B NFATc4 728 M B A RBHo+
YERMLE], AR AR 45 G O A 1 o 6
FT I SR AN B SR AL B DA 9 HR ST Y A3TS-
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