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Molecular Mechanism of Gypenoside L Inducing Ovarian Cancer Cell Apoptosis by

Regulating NUF2 and Influencing Magnesium Homeostasis
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[Abstract] Objective: This paper aims to investigate the role of NDC80 kinetochore complex component (NUF2) and
magnesium homeostasis in ovarian cancer cell apoptosis, as well as the regulatory mechanism of gypenoside L (Gyp-L) on NUF2

and magnesium homeostasis. Methods: Ovarian cancer OVCAR3 cells were divided into a blank control group, a low-
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concentration Gyp-L group (50 pmol-L"), a high-concentration Gyp-L group (100 pmol-L"), and a cisplatin (15 umol-L")
group. The migration, proliferation, and apoptosis capabilities of OVCARS3 cells were evaluated through cell scratch assays, clonal
experiments, and terminal-deoxynucleotidyl transferase-mediated dUTP-biotin nick end labeling assay (TUNEL) staining.
Differentially expressed genes of ovarian cancer were screened by using the Gene Expression Omnibus (GEO) database. The
interaction relationships of differentially expressed genes and proteins were analyzed via the Search Tool for Recurring Instances of
Neighbouring Genes (STRING) database. The prognostic survival analysis was performed by using the Tumor Immune Estimation
Resource (TIMER) database, and the differential expression levels of genes were validated with the Gene Expression Profiling
Interactive Analysis (GEPIA) database. The mRNA expression levels of NUF2, magnesium homeostasis-related indicators, such as
magnesium transporter | (MAGT1), non-imprinted in Prader-Willi/Angelman syndrome 1 (NIPA1), NIPA-like domain containing 1
(NIPAL1), as well as apoptosis-related indicators B cell lymphoma-2 (Bcl-2) and Bcl-2-associated X protein (Bax) in OVCAR3
cells, were detected by real-time quantitative polymerase chain reaction (Real-time PCR). The protein expression levels of NUF2,
MAGTI1, NIPA1, NIPALI, Bcl-2, and Bax in OVCAR3 cells were quantitatively analyzed by ProteinSimple WES. A model of
overexpression of NUF2 was constructed, and Gyp-L intervention was performed. The molecular mechanism by which Gyp-L
induces ovarian cancer cell apoptosis by regulating NUF2 and influencing magnesium homeostasis was quantitatively analyzed and
detected through cell cloning, TUNEL staining, Real-time PCR, and ProteinSimple WES. Finally, the Mg*" content and protein
synthesis efficiency were detected by immunofluorescence. Results: Gyp-L significantly inhibited the migration and proliferation
capabilities of OVCAR3 cells and promoted their apoptosis (P<0.05). Overexpression of NUF2 markedly increased the expression
levels of MAGTI1, NIPA1, NIPAL1, and Bcl-2, while reducing the expression level of Bax (P<0.05). It also significantly elevated
intracellular Mg”" content and protein synthesis efficiency and simultaneously inhibited apoptosis (P<0.05). Gyp-L could reverse
the magnesium homeostasis imbalance and apoptosis inhibition caused by the overexpression of NUF2, downregulating the
expression levels of NUF2, MAGT1, NIPA1, NIPAL1, and Bcl-2 (P<0.05), while upregulating the expression level of Bax (P<
0.05). Conclusion: Gyp-L can inhibit the occurrence of ovarian cancer, and its mechanism may involve inhibiting the expression
of NUF2 to maintain magnesium homeostasis and inducing apoptosis of ovarian cancer cells.
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VB — P G 25 AR, FLRT & 00 el e Ar 2 e LR 76 o9 S0 b g R IR R o Witk , A BF5E
oy HA B % ﬁﬁﬂfM‘é.?#%%ﬂF‘éﬁfirﬁ'r&””‘,ﬁﬁ@cﬂﬁﬁ NUF2-8: 88 AT, 91 2 81T Gyp-L A& i 40 it 98 1~
AT -L(Gyp-L) M0 J B B35 M s i fE BNl i HoOR S 00 2 AL, O v R 2435 07 O SR 4R AL
B 5 v O BIE 52 8 08 38 S I8 A & 42 L sRNA Ay P18 52 56 Sty 5 Rk 2 A 4l
SERIC T AR IO P S gk R RO AR 1 AR
I3 FHLEM A R . 1.1 4000 59 OVCARS 4 i I T b [ Bl 2 B
Jif 988 A M AT 22 4y 24 FR R YL R VE R Ay B AR UG A ARk A B dh M (18 % SCSP-510) G F A
51T Sh R -1 ) (4 AH BLVE HT L, NDC80 & A I 1E N SIRJG BT IR LS .
SR - E R AL Ay LD RE BRI S B e 1.2 H  Gyp-LH{& (3 [E Med Chem Express 4=
RO B S5 R IR Bl R A R A I T ARIE R A FD L BRS HY-N8211) ;41 (3% [ Sigma 7k
FE 33 A A5 S o A O e B P B 25 e KA W RHE S R IR S P4394) ; 4 AR A S T 1 ARG I vk
K NDC8O0 3l ki & & 74 41 i 4 (NUF2) , HAE K (CCK-8)ik i & .45 M & (LPO) (AL i RE R R A
- 156 -



H32 55 134
202647 H

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 32,No. 13
Jul. ,2026

BRS &, 525 409 CA1210.G1062) ; TRIzol(BE A
22 23 W, %% 5 CW05808) ; HiFiScript All-in-one
RT Master Mix for qPCR | SuperStar Blue Universal
SYBR Master Mix ( VL. 75 J& Ayt 28 A= ) B 457 I A7
RS 7, 525 40 3 CW3371,CW3390) ; NUF2 $ii
WO ERAEY R RAGRITEL A, €S
861546) ; % iz & 1 1 (MAGT1) . dE Bl i Prader-
Willi/Angelman %5 45 A JE A 1(NTPA 1) B Ak ( 1 3
Ll 39 R 2 25 BHECA BR A | L 525 43 5] PU499299
PR13730) ; NIPA #f &% # 38 4 & & A 1 (NIPAL1) .
B-WLah i H (B-actin) . B 4l L bk E4 9% -2 (Bcl-2) Bel-2
HH & X R (Bax) Ui (R I = 18 2B W B R A BRA
"], 55 0 B Ag39256.,66009-1-Ig, 12789-1-AP
50599-2-Ig) ; BeyoClick HPG-488 & [ & A &6 il 2
G — 2k T A A i 7 A% Wl AR 12 75 (TUNEL ) 4 Jifg
P8 TR R G (R ) PLa TR K .
B e g i ) E B W (BB B RAEMBEARA R
A, 55 4 9 o P1202S. C1088, P0126, PO097) ;
Pluronic*F-127, Cell CultureTested 41 Jif 1{7 35 4% .Mag-
Fluo-4*™,Cell Permeant$f & F 2 YR 4T (IR R A=
PR AT BR 2 7], 4845 430 S MS4301-1G .M X4544-
100UG).

1.3 Y %% Heracus Megafuge 8R % &5 34 25 .0> HL .
QuantStudio™ 3 5 W} 2¢ ) & 1 R & W 8% =X & W
(Real-time PCR) Instrument(96-Well 0.2ml Block) %!
PCR 4" B4 A (FE 3R C /R BHE 22 | ) s INFINITE 200
PRO % il 5 A% ( 3 -+ Tecan 2 7)) ; Wes 4 F 31 & 1
2% 1K 43 M1 & 4t ( 35 [# Protein Simple 24 #) ) ; T100™
Thermal Cycler %! 2 %% 5% A &% . ZOE %Y %¢ J't: 4 g 1
BAL (L EMA SR A B2 = i A BR A D) o

2 Ak

2.1 Gyp-L &I FREME S R Gyp-L 1 mg
T OH 3L WA (DMSO) 20 uL, 43 9 i A 25,
12.5 mL DMEM 5¢ 4> 35 52 £L L i 24 50,100 pmol- L™
W) 2R3k, -20 °CIRFE .

2.2 M EEIE K AEIC OVCAR3 4N & 10% i
A= 1T F 1% 7 -85 % % 1 DMEM = fif s 37 3k F
37 °C, 5% CO, 4 Ml 55 F= 46 N 15 5% . A IE & )&
80% Zc A7 B, FH JBR it 1 Ak A% AR 2R A7 J5 2l 3

2.3 CCK-8 K Il 40 A7 3% % 4 % B KWy
OVCARS3 4 it L) 45 £L 5x10° 3 Fh T 96 fL AR 1, 43
H4aE 4 Gyp-L(25.50.75.100,125 pmol- L") 4 .
7 240 M W5 BE S, 25 7 AN 25 W0 VE T 24 he AL AMA
T 10% CCK-8 Iy 7 % 15 5% %L , ¥ & 30 min )5 ,

450 nm b FEATIE G A K
24 4HERIIR SEE ¥ OVCARS 4 il 73 b =5
2H . Gyp-LAK . /& v B 2H (50,100 pmol- L) F1 I 4 2H
(15 pmol-L") " BE UL 5 43 Ry 25 41 NC-NUF2 41 .
OE-NUF2 4 .NC-NUF2+Gyp-L #H (100 pmol-L") il
OE-NUF2+Gyp-L 2 (100 umol-L") . # OVCAR3
20 42 Fh T 6 FLAR I, £ 41 kA R B R e 90% i
K B IR R 2% v (PBS)VE VR YA A0 . Wi T
KA 0.12.24 h RIYRE , Image THAF I RIR ] #E , BF
i 41 AT e
2.5 Y FERESCE: B OVCARS 4 M 2 Fh F 6 1L
M b, B bRl Al i oy AR ¥ 5] )5, BT 37 °C 5% CO,
B SR P iR B RG9S 6 FLAR B PR R BT A 4
J v B B, 26 0k R SR . SR A BE IR AL PBSS Uk I 4 Y
1~2 0, 64T 200 0 T 5 5 45 SR e £, IR T
2.6 TUNEL @40 ¥ OVCARS3 4iififg
AT LM R B 6 LR, RRES S, T
37 °C 5% CO, i e h 15 % o 58 UL 30 T FJs
PBS I VE 19K, 4% £ 5 W [ & 30 min, X PBS
WYE, IMAGE B T = IR H S min, PBSTHPE 2K .
WEG S8R L W% N TUNEL £ 0  , 37 °C e G &
60 min, PBS 5 PE3 K. N4, 6- kI -2- 28 Hng|
W (DAPD) 44k 3 35 € f |, % iR 8 G A 5 min, PBS
WYE 3. FBEF IO € R, 3 [ 3 in bt 2 0 7
KE R8P
2.7 R R ARGR LA E  7E GEO £dE F b
T 2% B0 5 42 GSE12470 fil GSE14407, 4 3 K &
log,|( 2% A% H ) FC|22 K P<0.05 1) 5P 595 25 5 ik
FEPIE BB DA 24> s 4 b 0 3 8 iy b e AN
VR R R TS U A s 4R
2.8 [ BT-E HBAH EAE (PP M 45 #h 2 %
i 35 H 7 O 5598 25 S SRR JE A STRING £ 48 /5
oL HEAT PP T, 20 SRS A 8 R RN R O S A
MEHEAEMSE , AFEATELR, IFi#E P
i 3 25 S KAk FL A
2.9 TEAEAESHT R TIMER 0808 e XT ik ik
BRI 2 5 3¢ 3K 3 P 147 90 43 AT, P<0.05 Ry 5 2
M A gt .
2.10 GEPIA % #ls J& 56 iF 3% [H 22 5 % ik K F
GEPIA £ 4% PE % & 1 5k A Jm oE 2 41 &1 3%
(TCGA) FI 5 K 7Y -2 41 32 35 (GTEx ) ) RNA Il J3 %X
it , AT A 43T R S R I Y Ak KO 5 R A A
] | A A7 S5 22 8] A DI, 0000 3 95 1 T8 Ji5 155 50, O fieb
MR AEYFEE S X, B H
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GEPIA 4 2 xF bk Bl J5 A= 47 A 7 S 58 DR ik 4T
BAIE , J3 B AR OF 5598 2H 2 R BE X IE A i R
KL
2.11 Real-time PCR £ ] mRNA % ik /K “F
TRIzol % 2L fifk & 2H AN L , $2 U RNA , J™ % 3 116
RNase # {F . {# A HiFiScript All-in-one RT Master
Mix for qPCR i #| & if 17 RNA Jx ¥ 5% , fff H
SuperStar Blue Universal SYBR Master Mix i 7fll &
PEAT RNA 9738, S W 2540 95 °C 305,95 °C 15 s,
60 °C 30 5,40 1 1F¥£,95 °C 155,60 °C 1 min, 95 °C
15 s SR H e -3- 3 2 i %088 (GAPDH) /4 N
Z il 4 249 43 BT mRNA A1 X 2 ik K. B 5
Yy B NUF2 3o 238 s if i 48 24 w45 0, 51 907
P

*1 slHF5
Table 1 Primer sequences
519 FAI(57-3") K JE /bp
NUF2 |9 GGCCGGCACTGTAGATTAAC 20
T ACCCGGCAGATAGGCAAAAA 20
MAGT! b CCCACACAGGACACGTGAAT 20
T it GGAAGGTTAGGAGGAGCACA 20
NIPAl  Fiif CTAGCTTACACTGCGGTCCC 20
T it ATGCACAGGTAGCCCACAAA 20
NIPALI  [-## ACGTTTCGAACTGCTCGTCT 20
i ATATGGTCCTTCCCACCCGA 20
GAPDH Il AAGAGGGATGCTGCCCTTAC 20
T iif TACGGCCAAATCCGTTCACA 20

Bcel-2 I lif AAAAATACAACATCACAGAGGAAGT 25

Fiif GTTTCCCCCTTGGCATGAGA 20
Bax | TGATGGACGGGTCCGGG 17
T it TGTCCAGCCCATGATGGTTC 20

2,12 Wes 4 [ 3l 8 (1335 70 B R G0k U AH G 8 A
Fik PRI F L 8 E 5 (BCA) & H
e E . i 0.1xSample Buffer #f 45 AE A His B 2 7] —
H br ik B . ¥ 5xMaster Mix . i B FE & 1 0.1x
Sample Buffer % b il I & , 95 °C 5 min 28 PR & F¢
oo F% UL B B R B — P NUF2.MAGTI1  NIPA1,
NIPAL1(1:50),B-actin.Bcl-2.Bax(1:200) , fii 1l %&
W o KRR U B — T (B 1L 1:200) |
WA I AR IR 3 A 4 o FL A, 2 500 1o min B
LS min(E.0FRE 18 em) . A ARG K BAE
A AALES I IRIE AT .

213 BEEFEEAN K OVCARS 41 i #2: #h T
6 LN . # Mag-Fluo-4 AM T VE W A 40 Jifg 5% 3%
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FLN, 37 °CHEEGIE T 60 min, Hanks' 77 3h 175 Wk i 1k
3 URLENFE 30 min, 2EG B EE FEE

214 HE AR K OVCARS 4 it £ F#h T
6 LI N . EBRREIRW , PBS VR 11K, il A I1xHPG
TAEW W & 30 min, % bk HPG T/E# , = 1 M &
15 min, 2% [ [ 28 W, VR TR UE A 3 Ik, R BR VBRI
JA T 3 W IR R 15 min, FEVER 1R . BRIk
VW, A Click J W W , 25 il 0 7 30 min, 23
i Click W W , P& & W Uk % 3 )=, fifi FH Hoechst
33342 JEAT AN A% YL £

215 GEitsEor At ARSER BRI T 2 A 3R E
S, 45 DL x+s 8 o f# ] GraphPad Prism
10.0 B X5 Bt 47 IE S5 Oy 2 57 MR 5, W e
TEAS A, 41 TR) e R B 38 22 4 A, N 2
ERA M NRHAESERE . P<0.05 h2EREA
git#E X,

3 &8

3.1 A[EMEBE Gyp-L X B S8 OVCARS3 4 fitg 3 1
M) %M R A CCK-8 % & U AS [A] ¥k & Gyp-L Xf
OVCAR3 M Mu s s . 25 R o, 55 A4k
¥ ,Gyp-L 25~125 pmol- L' ¥ J& 24 OVCAR3 41 il i
710 1 B AR (P<0.05) . B & Gyp-L kB 3% i 7+
Bl 55 9% OVCARS3 41 L 1% J1 3% ¥ % ik (P<0.05)
24 h Gyp-L % OVCAR3 41l Jitd 1t 2 %5 90 il ¢ B (1C,,)
4 102.04 pmol-L", W 2 % m ok A
100 wmol-L" Gyp-L F#i24 h, W2,

£2 Gyp-L¥IPERE OVCAR3I HBiFMA M (X£s,n=6)

Table 2 Effect of Gyp-L on activity of ovarian cancer OVCAR3

cells (x+5,n=6)

i vie 20D A A7 5%

/pmol L™ 12h 24h 48 h
eS| 100.00+4.37  103.24+4.47 101.67+6.37
Gyp-L4 25 88.11+7.53"  85.17+6.82"  80.64+4.96"

50 75.65+5.64"  73.17+2.54"  70.31+6.21"
75 67.79+5.38"  63.67+7.68" 58.86+6.59"
100 54.23+5.47"  51.74+2.23"  46.39+5.42"
125 41.67+7.58"  36.45+6.38" 31.95+4.97"

T 525 4 e VP<0.05(3K3-% 5. % 7IR)

3.2 Gyp-LX OVCAR3I 4l iT HRE h sz 5
UL B, Gyp-LAK W 4l . Gyp-L & W EE 4l i
BZH AN ) R A R ] IR (P<0.05) , R W
Gyp-L AEHH 4 | OVCAR3 41 i iE B2 6E /1. KIJR
R ILE 1. £ 3,
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24h

A B (& D
A A H A B.Gyp-LAIRWK 20 ; C.Gyp-L i i L 4 ; D4R 26
([ 2-1€ 4 ])
E1 Gyp-LX OVCAR3 AT AL RIR M
Fig. 1 Effect of Gyp-L on migration ability of OVCARS3 cells

#3 Gyp-LX OVCAR3IHMTFRHEE NI (¥+s,n=3)
Table 3  Effect of Gyp-L on migration ability of OVCAR3 cells

(x£s,n=3)
2 it 3 B % /%
215 e /umol - L
12h 24h
skl 19.47+0.33 39.86+0.12
Gyp-L ARk & 41 50 14.66£0.47"  22.63+1.47"
Gyp-L i v i 41 100 7.08+0.64"  17.19+0.94"
5120 15 10.09+0.73"  21.84+0.54"

3.3  Gyp-L X} OVCAR3 41l Jitd 5 7% & Al fiE 71 59 5% i

5 4 B, Gyp-LIR W B 4] . Gyp-L & 1 &
20 TR 2 20 e 4R v i B I I K (P<0.05) , R W]
Gyp-L BE % 411 ] OVCARS3 40 My iy B4 B GE )1 . W
K2 %4,

A B C D

B2 Gyp-L3 OVCAR3HMIETER K EE NRIF I (455 %)
Fig. 2 Effect of Gyp-L on colony forming ability of OVCAR3 cells

(crystal violet)

*4 Gyp-L3T OVCARIHREER KB TN (x+s,n=3)
Table 4 Effect of Gyp-L on colony forming ability of OVCAR3

cells (x+s,n=3)

21 5 #e ¥ /umol- L 40 s £ V5 B /A
2 281+2
Gyp-L ARk i 21 50 170+3"
Gyp-L i 41 100 120+3"
R4 20 15 138+5"

3.4 Gyp-LX OVCARI4IMEFT-Mm S25H
A, Gyp-L IR MR JE 41 . Gyp-L = W& 4 40 20

OVCAR3 4il fig TUNEL % & 2¢ ot 5 & B & JF &
(P<0.05) , JZ Bt Gyp-L #E 4% fi& #f OVCAR3 41l iy I
. WK3.5&5.

o ----

' ) ----

o ----
A B C D

El3 Gyp-LXf OVCAR3HMMIBA TR (HEZ50,%200)
Fig.3 Effect of Gyp-L on apoptosis of OVCARS3 cells (IF, x200)

%5 Gyp-LX OVCAR3ZAFLAT IR (F=s5,n=3)
Table 5 Effect of Gyp-L on apoptosis of OVCAR3 cells (x+5,n=3)

20 51 #e % /umol - L' AL T 3%
ISk 4.42+0.21
Gyp-L Iy & 41 50 18.62+1.72"
Gyp-L Bk 41 100 30.22+3.53"
N1 2 15 24.26+1.68"

3.5 GEO ¥dls Fe i vk o 5198 22 S 3RGAFE I 7E%K
P54 GSE12470 3t 1 020 M5 R IKFH A, A HF
428 A~ I 9 3 A 592 AN R IR 3k R 7E B 4R
GSE14407 it 1 717 4> 22 5 Rk L, 45 694 1>
SR 023 4N RO A . T R 4 AT B
GSE12470 fil GSE14407 J& S A i f 58 42 . L
B AR A R

3.6 PPIMIZg Ayt 2 i L R 3 KRR I8 36 14 A 2R
F1 0 o 45 [ A o B AR OG &, 0] LR R 25 e ak
SR B O ER AT WA BRI E %, W
it AR AL R

3.7 BURAASNT ATk L 2R R
SRHE DA 2 T 98 i R PP 4% &1 0 4 P i 8
£ A, NUF2, CCNB1, CDCAS8., BUBIB, ESPLI1,
BIRCS5 .KIF20A ,AURKA , i i TIMER % ¥ % it 47
il J5 HE A2 48 BT NUF2 L KIF20A il J5 A5 4740 17 2% 5
HA G247 L (P<0.05) o L35 H R BRI bA sk
3.8  GEPIA BU¥s i 46 UF L H 22 5 Rk K7 it
GEPIA 45 i 95 11F B 5968 0 55 41 21 h RNA 26 7
23R H N A B, D R e S D 25 e ROR A
15 1 S 9 K g 55 AL 4P i 3 3k K - . NUF2 Al
KIF20A fE P S A4 S EmdA gl Rk £ 7
HAT G322 7 L (P<0.05) . i i3 5 TIMER ¥4 J#
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A5 LI 45 SR L e R A ) SO e A P EIUNUF2 Gyp-L AR WK B2 41 . Gyp-L = W JE 41 i 401 41 NUF2 .,
ﬁlﬂﬂf T EGE . UL R R R R R MAGT! .NIPA1 NIPAL1,Bcl-2 mRNA & ik 7K - fil
3.9 Gyp-L X} OVCAR3 4l Jli NUF2 B fa s K PHT:  FHFE MK (P<0.01), Bax mRNA % ik /K & & T+ &
G4 A8 mRNA Rk 52 {4l 8, (P<0.01). W6,

*6 Gyp-LX OVCARIHAM NUF2. HERAERBATHXIER mRNARIEMFME (x£5,n=3)
Table 6 Effect of Gyp-L on mRNA expression of NUF2, magnesium homeostasis-related genes and apoptosis-related genes in OVCARS3 cells

(x+s,n=3)
21 5 & /umol - L™ NUF2 MAGTI NIPA1 NIPAL1 Bcl-2 Bax
A 1.0040.05 1.00+0.01 1.000.02 1.00+0.02 0.98+0.07 1.0140.07
Gyp-L Ik ik i 41 50 0.63+0.09" 0.48+0.06" 0.54+0.07" 0.53+0.06" 0.71+0.04" 1.57+0.08"
Gyp-L ik J% 41 100 0.21+0.03" 0.20+0.02" 0.17+0.03" 0.22+0.02" 0.37+0.03" 2.76+0.12"
541 28 15 0.43+0.04" 0.34+0.04" 0.41+0.08" 0.35+0.02" 0.46+0.02" 2.34+0.09"

55 HA LV P<0.01

3.10 Gyp-LX} OVCAR34iifi NUF2 RS K1
MCHE bR FRIBME W 52 A L, Gyp-L
VR BE 41 . Gyp-L = ¥ BE 41 4140 NUF2 \MAGT1 .
NIPA1 . NIPALI1 Bcl-2 5 17K - B & B I (P<0.05)
Bax & FI /K7 W] 75 (P<0.05) . WK 4.3 7.

= 1 I 1 [

o - — o
MacTt [ M . s 38kDa
36 kDa

NIPA1 R e —
—
B 4 JETH

Bel-2 -- B 26 kDa
Box (. S N R 2o

A B C D

B4 OVCARZHMINUF2.HRERBTHXIEREARIE
Fig. 4

NIPAL1

Electrophoresis of NUF2, magnesium homeostasis-related

genes and apoptosis -related genes protein expression in OVCARS3 cells

3.11 Gyp-L ¥ NUF2 §% il OVCARS3 4 jitd 4 7% &
JHEST 5 NC-NUF2 4 [t %, NC-NUF2+Gyp-L 41

£7 Gyp-L¥ OVCAR3IHAMNUFR2. S$RAERATHEEREARE

41 ity 4 V% B0 B B %K (P<0.05) , OE-NUF2 41 41 fifg
EEHEH BT S, EZ 5 BRI E L (P<0.05);
5 OE-NUF2 4 It % , OE-NUF2+Gyp-L 41 41 it £ 7%
B W ERRAL, 2 5 HA S # 8 L (P<0.01), it
H Gyp-L o] fig i i i 4% NUF2 1 ] OVCAR3 41 ity 1%
BH. VLIS 8.

WA 24 ;B. NC-NUF2 41 ; C. OE-NUF2 41 ; D. NC-NUF2+
Gyp-L 41 ;E.OE-NUF2+Gyp-L 41 ([ 6-[K 9 ] )

B 5 Gyp-LiF#= NUF2 %t OVCARS3 48 fifl 5= 3% 1% A € 7 B
%)

Fig. 5
forming ability of OVCARS3 cells (crystal violet)

(45

Effect of Gyp-L regulates NUF2 to influence colony

M (x+s,n=3)

Table 7 Effect of Gyp-L on protein expression of NUF2, magnesium homeostasis-related genes and apoptosis -related genes in OVCAR3

cells (x+s5,n=3)

Egl e ¥ /umol- L' NUF2/B-actin - MAGTI1/B-actin  NIPA1/B-actin  NIPAL1/B-actin  Bcl-2/B-actin Bax/B-actin
=K 0.98+0.02 1.03£0.04 1.00£0.01 1.00=0.01 0.98+0.01 1.00+0.03
Gyp-L ik )% 41 50 0.69:0.04" 0.76+0.03" 0.85+0.01" 0.77+0.01" 0.88+0.02" 1.19+0.09"
Gyp-L v £ 41 100 0.58+0.01" 0.49+0.01" 0.66+0.02" 0.55+0.02" 0.39£0.01" 1.72+0.05"
IR 41 15 0.60£0.01" 0.71£0.01" 0.80+0.03" 0.69+0.01" 0.49+0.01" 1.52+0.03"
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%8 Gyp-Lig# NUF23t OVCAR3 M5 M e NI
(X+s,n=3)
Table 8

forming ability of OVCARS3 cells (x+s5,n=3)

Effect of Gyp-L regulates NUF2 to influence colony

2190 HeRE /umol- L™ 4 i £ 5 8= /A
ki 290+3
NC-NUF2 4{ 29142
OE-NUF2 4 341+2"
NC-NUF2+Gyp-L 41 100 125+3"
OE-NUF2+Gyp-L 71 100 257+8%

1. 5 NC-NUF2 4 [ # V P<0.05; 5 OE-NUF2 41 [+ % 2 P<0.01

3.12  Gyp-L i ¥ NUF2 5 il OVCAR3 4fl Jifd # -
TUNEL %t 8 45 5 8 /5 , 5 NC-NUF2 41 t %,
NC-NUF2+Gyp-L A o EH BT, 2R HA
45t 2 3 X (P<0.05) , OE-NUF2 £H %¢ )it % Ji B i
W& % (P<0.05) ; 5 OE-NUF2 41 It % , OE-NUF2+
Gyp-L 296 B W W by, 2 S HA G2 X
(P<0.05) , % B Gyp-L 7] fig i 1 4 #2 NUF2 fi¢ i
OVCAR34Hu -, W3R 9 Kl 6,
3.13  Gyp-L J##% NUF2 5 M 86 £ 45 S 0 T~ A0 X 45
Fr mRNA #i5k 5 NC-NUF2 4 It % , NC-NUF2+

DAPI

- -

Merge

A
6 Gyp-Li## NUF23t OVCAR3 A T- &M (IF,*200)

®9 Gyp-Lif#Z NUF23f OVCAR3 MA KIS (X+s,n=3)
Table 9 Effect of Gyp-L regulates NUF2 to influence apoptosis of
OVCARS3 cells (X£s,n=3)

2 51 W BE /umol - L' 40P TR /%
Rkl 4.33+0.14
NC-NUF2 41 4.41+0.05
OE-NUF2 41 1.06+0.05"
NC-NUF2+Gyp-L 4 100 28.83+0.61"
OE-NUF2+Gyp-L 41 100 2.63+0.14”

5 NC-NUF2 41 [t % V P<0.05; 5 OE-NUF2 4 [t % 2 P<0.05

Gyp-L #1 NUF2. MAGTI. NIPA1, NIPAL1. Bcl-2
mRNA 2 ik i % F& L (P<0.01) ,Bax mRNA % ik
FI w25 A S04 5 X (P<0.01) , OE-NUF2
41 NUF2 .MAGT! .NIPA1 NIPAL1 Bcl-2 mRNA 3
ik E T E L, 22 5 BOR gt 2k i L (P<0.01) , Bax
mRNA £k B EREM, 25 BA %22 L (pP<
0.01) ; 5 OE-NUF2 41 It % , OE-NUF2+Gyp-L 4l
NUF2 ,MAGTI .NIPA1 . NIPALI,Bcl-2 mRNA % ik
B R(P<0.01),Bax mRNA KX B EFE . 5
HA G2 L (P<0.01)., WLFE 10,

Fig. 6 Gyp-L regulates NUF2 to influence apoptosis of OVCAR3 cells (IF,%x200)

3.14  Gyp-L 45 NUF2 5 W B85 £ 25 S I8 12 4 ¢ 48
FrE A 5 NC-NUF2 4 L% ,NC-NUF2+Gyp-L
2 NUF2 .MAGT1 NIPA1 NIPALI ,Bcl-2 # [1 % ik
KT i 3 FE AR (P<0.01) , Bax £ [ & 35 /K & 35 T
& (P<0.01) , OE-NUF2 #H NUF2 ,MAGTI,NIPA1 .
NIPAL1 ., Bel-2 # [1 3 ik 7K F 8 & 7t & (P<0.01) ,
Bax # 1 £ ik 7K F i B AL (P<0.01) ; 5 OE-NUF2

20 It % , OE-NUF2+Gyp-L %1 NUF2. MAGTI .

NIPA1, NIPALI, Bel-2 & H % ik 7K F B & F% fi§

(P<0.05) , Bax #& 1 # ik /K F B & T+ 55 (P<0.05) .

W7,

3.15 Gyp-L J8# NUF2 3% ] OVCARS3 4l ffd B 2 75
5 NC-NUF2 4 [t % , NC-NUF2+Gyp-L 4l

OVCARS3 4il ifg 86 8 + & &t B 3 [ ik (P<0.01) ,
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#10 Gyp-Li#ENUF2 X #ERERBTHEXIENR mRNA RZEH N (X+s,1=3)
Table 10 Effect of Gyp-L regulates NUF2 expression to influence mRNA expression of magnesium homeostasis-related genes and

apoptosis -related genes (x+s,n=3)

215 e ¥ /umol - L™ NUF2 MAGTI NIPA1 NIPALI Bcl-2 Bax
2 HUA 1.00+0.01 1.00+0.05 1.000.01 1.00+0.06 1.00+0.02 1.00+0.02
NC-NUF2 4 1.01£0.07 1.00£0.05 1.00£0.05 1.01£0.05 1.00£0.05 0.98+0.05
OE-NUF2 4] 2.35+0.08" 2.08+0.09" 2.03+0.07" 2.37+0.06" 1.78+0.09" 0.67+0.06"
NC-NUF2+Gyp-L 41 100 0.23£0.01" 0.18+0.01" 0.19+0.01" 0.20+0.02" 0.44+£0.02" 2.14+0.07"
OE-NUF2+Gyp-L 41 100 1.86+0.027 1.30+0.06> 1.49+0.07” 1.76+0.06% 1.44+0.05” 0.82+0.06

¥ : 5 NC-NUF2 4 H % V' P<0.01; 5 OE-NUF2 4 . #% 2 P<0.01

F 11 Gyp-LAENUFR2MEBRERATHXEREARENEIE (i+s,n=3)
Table 11  Effect of Gyp-L regulates NUF2 expression to influence protein expression of magnesium homeostasis-related indicators and

apoptosis -related indicators (x+s,n=3)

21 ) HeF /umol- L' NUF2/B-actin - MAGTI1/B-actin NIPA1/B-actin NIPAL1/B-actin  Bcl-2/B-actin Bax/B-actin
25 H 4 1.00£0.01 1.01£0.02 1.01£0.01 1.00£0.02 1.00£0.01 1.000.03
NC-NUF2 41 0.98+0.03 1.00+0.03 0.98+0.01 1.00+0.02 0.98+0.02 1.04+0.06
OE-NUF2 41 1.36+0.02" 1.47+0.01" 1.44+0.06" 1.50+0.04" 1.43+0.02" 0.61+0.01"
NC-NUF2+Gyp-L 4 100 0.48+0.05" 0.50:£0.03" 0.44+0.03" 0.58+0.02" 0.61+0.03" 1.46+0.04"
OE-NUF2+Gyp-L 41 100 1.11£0.07% 1.19+0.07% 1.25+0.027 1.10+0.06” 1.120.03” 0.84+0.03%

¥ : 5 NC-NUF2 41 1% V' P<0.01; 5 OE-NUF2 41 [ %% ¥ P<0.05

prcin. (. - - K12
NUR2 . - — - 54 KDa #12 Gyp-L i3 NUF2Xf OVCAR3 AT SR (X,
n=3)

MAGT1 (N S N s B s kDa Table 12 Effect of Gyp-L regulates NUF2 to influence magnesium
homeostasis in OVCARS3 cells (x+s,n=3)

NIPAT s - P 36kDa

215 e B /umol - L™ SR
NIPAL1 S s B e BB 34kDa
Sk 3305 300+128 140
Bel-2 [ B B s R 26 KDa NC-NUF241 3320 0574192 063
OE-NUF2 4 10 604 505733 955"
Bax [ B e 2110
NC-NUF2+Gyp-L 41 100 1638 649=112 6082
A B c D E
OE-NUF2+Gyp-L 41 100 5661 326+315 986"

E7 Gyp-LAEZENUR2ZMERESRBATHXIEMREARIEZBIK

LB N 4 1) 2) B OR. 4
Fig. 7 Electrophoresis of Gyp-L regulates NUF2 expression to I : 5 NC-NUF2 4 [ % VP<0.05,%'P<0.01; 5 OE-NUF2 41 [t

25 3)
influence protein expression of magnesium homeostasis-related B p<0.01

genes and apoptosis -related genes

3.16 Gyp-L 4% NUF2 5% il OVCARS3 41 it 2 1 i
OE-NUF2 41 OVCAR3 i i 6 8 7 & Wl @ b is &M 5 NC-NUF2 41 b 8, NC-NUF2+Gyp-L 4
(P<0.05) ;5 OE-NUF2 4 It % , OE-NUF2+Gyp-L 41 OVCAR3 41 e 3 H it & BACR B W Rk, 2 5+ BHA
OVCARS3 4ii Jifl B B F & &t 8 3 B& (K (P<0.01) . W 45 it 2% & X (P<0.05) , OE-NUF2 41 OVCAR3 4 Jif

A B C D E

E8 Gyp-LiA#E NUF23t OVCAR3 M EEFAAS IR (FyE2¢ 0, x200)
Fig. 8 Effect of Gyp-L regulates NUF2 to influence magnesium homeostasis in OVCAR3 cells (IF,*200)
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HEARGRAFRET S, 2R BASITHEX
(P<0.01) ;5 OE-NUF2 41 H % , OE-NUF2+Gyp-L 41

Phase contrast

Hoechst

Azide 488

Merge

A B

B9 Gyp-LiE#% NUF2X OVCARIHMEARE MBI (FRE56, *x200)
Fig. 9 Effect of Gyp-L regulates NUF2 to influence protein synthesis in OVCARS3 cells (IF,*x200)

%13 Gyp-L#E NUF2X OVCARI A EBRABR MM
(X+s,n=3)

Table 13 Effect of Gyp-L regulates NUF2 to influence protein
synthesis in OVCARS3 cells (x+s5,1n=3)

215 e B /umol - L™ SN
I EE 1457 351+151 897
NC-NUF2 4{ 1485 751+136 879
OE-NUF2 4 7 600 786+367 634>
NC-NUF2+Gyp-L 41 100 739 221488 692"
OE-NUF2+Gyp-L 41 100 2612 592+334 6217

¥ 5 NC-NUF2 41 [t # V' P<0.05,%P<0.01; 5 OE-NUF2 41 It
3 P<0.01

4 Tt

D1 S5 98 PR HC e BP0 R M i B G
o IR B R, R A T ORI T I T R B
1 — 2 IT R AT 25 52 A Ay 7 29 B KA
FE2 o B 25 AE BF SEIR T T LA SRR B e
5% il I DR RE AR 98032 A 97 AN R RN, 3 i 38 2o 41
] 958 200 O A L D2 0 PO T A 22 R A AR B iR B b
TR AN, B 25 B T R R S AR
JBTdt , I AE UR T LR B 5 B Ak T 2 R
07 R PR AR

Gyp-L 1E oy 0 B 1 3 23E PE ik 2 — iR 4F
K W IE 52 AE 22 SR o BRIz B 0

OVCAR3 40 il 75 1 5 & A0 5%0R Bk 3 B AR (P<0.01)
TLE 9. £ 13,

FE BT 40 i 98, Gyp-L i i + 7 SREBP2-HMGCS|1
Al R UL [ R, A o ek R AR A g v,
Al 375 5 400 R B BEL VR S5 R T R A P, Gyp-L
SR UIRK i =W AN I S Il AR S @ 0
T X BB oY AL A R, Gyp-L % 208 i 2
AR A TR RE . AS RS R S A A A R L v R K
TUNEL 4 (4 K IE , Gyp-L fig % & 2 M il OVCAR3 4
M) F S GEAE ORI S Al M U T . Ul
Gyp-L 76 5 59 v [5]FE H28 55¢ 558 04 470 Jin 98 0% 14

by it — 25 T B L AR 4 T S, AR SR R o R
Y45 527 43 B O 1k 30 B9 B 25 S RO N L 45 A
PPI [ 2% #) 4 T Ji5 A= A7 53t S GEPIA 045 2 50 0iE
A B NUF2 7E I BF 58 % 42 . NUF2 4E 4 NDC80
BRI O 5y  TEORBRA 22 53 34 Y% (0 1R TE 1 43
B SCHAE . R RME Y BoR  NUF2 £ B
BB T A R R S R SRR b R e R
KA S BE RN RS VI OE . TR0
IR WF 5T i3 NUF2 0] 3 i 5 HNRNPA2B1 A B 1E
FHVUCTS W i 6 JULIBE 3380 (PI3K) /88 1 I i B (Akt)/
IR 7L 3 4 7 A 5 K 0 A (4 (mTOR ) 3 52 2 b &%
A=Y R NUF2 0] GE A hy O 5L J v 76 1) e 9 Y 7
A 5T 38 o A W0 15F B 2% 2 AR S5, NUF2 76 O 898
PAPREIBEF LH, HERRAESRERARTS
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I, X 5 REAE AT 45 A — 8. BEE AR AE M
SRR EE MG, TR, ERAS KM
BNk e A R i T SRR AE 2 — Mg
REE I 1 2 5 4 40 I 1S 5 25 1 BT 5 DNA & 4%
SR B 3 PR A 0 R L RS R BH L AN Mg™
VB B AR/ T v B AT G 2 R AR 1 BT R DNA B
SR Sy Ji 95 40 PR 3 A 4 AR A S SR ALY A
S, AR i AE D0 E SC B 8 B0 ) I A8 A RS R A
KDY i M Mg IR B 32 28 Bl BE s 1R LR R 3L
T MAGTI R R R 5 PR EE R 18, 17 57 Mg 1 5 IR &
iz NIPA1 5 NIPALT MI/E N R 2 A, 5 54
e 20 M YRR S0 NIPAL 58 E B R BAETE
AHOER B MAGT1  NIPAL1 fE % [ 0% 9 40 Jifd 4
B FIGE A% B8 T, 400 e E SR DY BT DL R R
A5 #E— L B Gyp-L & 75 3 2 45 NUF2 52 i)
RS R FEPUIN SR . TS5 R, Gyp-L
T 1 0] 5 3% K 98 OVCAR3 40 g NUF2 M 86 s iz
1 MAGTI1 NIPA1 NIPAL1 mRNA FI % [ i) F ik
S N 1 N 5 710 s o 5 5 T B P O w1 5
A Bax Rik o Nk — P 8 IE NUF2 76 % 40 7 19 #%
OAER M # 7 NUF2 o Rk B, 25 R WoR,
NUF2 i %1k & % i MAGT1 NIPA1 NIPAL1 %
IKIKF AN Mg™ & i M B A RRCR BE 2 T
155, [l B B B Bel-2 2235 T A\ Bax 3R 35 T 9 S 41 Jifg
PR TR A, 8 NUF2 o] Rl o 98 s B 5 12 1 A
FeIk TR AR N Mg KT B R A BLRIOR
T Ay Jieb 96 240 15 5 5 A ) 45 0 JF il I T 45
SRS . (AR A JE, Gyp-L T i RE % W
Bk — N, TR i i 1 ARG BEAR A A
Mg™ & i S G R i AR A T
XS gk HLE R T Gyp-L ol i #0 NUF2 ik, 47 i
BERR A R 0 OP B Ve v AL

o ST U N 1 B e TR G 1 B O (= T
— B URAL T X Gyp-L 40 99 89 43 F AL H 09IAH, E
WAB 7R T NUF2 8 5 86 A0 25 5 5 40 A 0 7= bt o S8 98
B3 T HLE 9F BB T Gyp-L X5 3% AL i #0564 T 79
YER o X — & B R O 5590 (4 40 ] 36 97 $2 48 18 Y
TEAEHE A, A R 2 B TG BN S A TR L .
AW 5T 4598 ¥ 5L F AR Ah 4l K OF SE 5, BALAE
OVCARS3 4 it Z Hh 15 LLKIE , J5 Z24)5 75 98 A H A B
559 20 B R 014 8 2l W A Y L3S TE i AL AE AR
H B R R o A AR O R O Ak L8R
UE 52 NUF2 B9 42 9 4E H B Gyp-L 09 T s 2%, e =
[ S o R N W S 3 0 A e 2 wB A LT B R PN
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