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Regulatory role of NUAK?2 in proliferation and apoptosis of ovarian serous carcinoma cells
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Abstract Objective To elucidate the expression characteristics of the NUAK family SNF1-like kinase 2 (NUAK2) in ovarian serous
carcinoma and determine its regulatory roles in cell proliferation and apoptosis. Methods Fifty-seven patients with ovarian serous car-
cinoma (observation group) and 57 patients with ovarian serous cystadenoma (control group) were selected from June 2019 to December
2022. The GEPIA database was used to assess the expression patterns of NUAK2 in ovarian serous carcinoma. Immunohistochemistry was
used to detect the expression of NUAK2, proliferating cell nuclear antigen (PCNA ), and B-cell lymphoma-associated X antigen (BAX).
Western blotting was performed to evaluate the expression of NUAK2 in the human ovarian serous carcinoma cell lines (SKOV3) and the
human ovarian surface epithelial cell lines (HOSEpiC). SKOV3 cells were transfected with the siRNA-NUAK2 plasmid to establish the
si-NUAK2 group , or with the empty transfection vector (EV) or a blank solution (NC) to establish control groups. Western blotting was sub-
sequently used to detect the expression of NUAK2,PCNA ,and BAX. The CCK-8 method was used to assess cell proliferation activity ,and
flow cytometry was used to quantify apoptosis. Results The GEPIA database analysis showed a significant increasing trend in the expres-
sion of NUAK2 in ovarian cancer (P < 0.05). Immunohistochemical analysis revealed a significantly higher NUAK2 positive rate in ovarian
serous carcinoma tissue than that in the control group. Moreover, significant differences in the expression of NUAK2 were observed across
different lesion grades and maximum tumor diameters (P < 0.05). A significant positive correlation was found between NUAK2 and PCNA
(P < 0.05),whereas a significant negative correlation was observed between NUAK2 and BAX (P < 0.05) in ovarian serous carcinoma. In
vitro cell culture experiments showed that the expression level of NUAK2 was significantly higher in SKOV3 cells than that in HOSEpiC
cells (P < 0.05). The si-NUAK2 group exhibited significantly lower cell proliferation activity and PCNA expression and significantly higher
apoptosis rate and BAX expression than those in the EV and NC groups (P < 0.05). Conclusion NUAK2 is overexpressed in ovarian
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serous carcinoma and promotes tumor progression by enhancing cell proliferation and suppressing apoptosis.

Keywords ovarian serous carcinoma; NUAK family SNF1-like kinase 2; proliferation; apoptosis; clinical characteristics

B SR TR UL M g, ™ U
flt FE A iy BRARIIFSE ) ok TR 22 s 6 P 4 75 1
P R A R R ) A (E R AARAR L i B
U1 BEIR R T 1 2 FE ML I 2038 DR R s AL
R HWFT IS Y . NUAKF ESNF URE 2
(NUAK family SNF1-like kinase 2, NUAK2) “NAMPK
PEAR I 05 1 5544~ 10 B, 7 T I 5 A 2 4 5 o
24 0 P & B, ) A s % A Ak Y s L LR
WF5E ' & BINUAK2FE IE 3 AR [Fl L1 4R 25 B
M F B AAE I 25 5 AME R O g R Tm], H A5
I8 1) e HE R R AH O AR SR AR 1) T NUAK2AE B S
W8 Th B IR RRAE , A AT L0 4 B3 5E A E T
PEAERT, B 78 AR AT B S50 M 1) & 2
R IBPEHEINS SR

1 HR5H®

L1 AWE RS

L FHGEPIAKL $i& JE (http : //gepia.cancer-pku.cn)
TRIMINUAK2TE 5P 898 h (19 2 35 34, 43 tra2641] 1
IS8 IE K BP L ZUPINUAK2(W Rk 2 5, IF
T 5 PEAS B A
1.2 I RER

VEFE20194F6 7 F20224F 12 7 FHi MM = RL A2
B R 5 — = B 12 O B B8 38 W R A 5 7491 18 3 AR
SRS AR UE (1) TR A B R R R IFATIRG
PEFARIGYT , ARG ELD) 5 e R A EAE RIS
RS, I B LA 25 (2) I R GERE S BT RE K
BEDT RS8R  HEBR BRI - (1) A oA 88 B
I 5 (2) RFHEZ R ST ; (3) W TR S A H
b 5 5 8 o B ML 36 28 ) B0 R e 285 B 12
1) 50 R T IR O AT T ARG T RS T R AR R
Xif BE L o A S 2 4020 B D EORA , 3 5 O e 4
A ZUBRAS AT ARG TR BE AR P2 D1 234t
1.3 4ifi &

N B B0 P 9 4 L R SKO VIR B 81 3% 1
- Bz 4 ZHOSEpi CHI H 32 ATCC. v JHDMEM
5B R 77 3 (35 E HyCloneA 1)), 7E37 °C .5%C0,}%

FEE T

1.4 SEE Tk

1.4.1 40 85 77 : SKOV3ZH g #2 b F 1260 fle, 4 4%
20 i 3 23 x 1071 B NUAK21 4 581 V. 5 [ 3]
peDNA 3.1 2 NUAK2 T-HRNAJF R (siRNA-NUAK2,
FN T B A YR BR A 7DD, I Hlipofectamine
3000%5siRNA-NUAK2%% YL 2|SKO V34 fifd 12 37 si-NU-
AK2H , 5y HAE e AR i 25 48R L e (EV) 410
RATHA T HAISKOV3ZHHEZS X I (NC) 410 RH
Western blottingfINUAK2 #4751k

1.4.2  Western blotting: AB-actin y 2 , #lINUAK2
(1 = 2500). 3458 40 il 4% Bt it (proliferating cell nu-
clear antigen, PCNA) (1 : 2 000) F1BZH fifd bk E 988 4H
FXPTJE (Bel-2 associated X protein, BAX)(1 : 3 000)
BT, I FHImage] V1.8.03K 4115 45 H 5 44
WRIEAR, SEgH A 3K,

1.43  CCK-87%: CCK-8ial il & W [ A4 T AE W) T #2
() Bty A BRZA 1 KrSKOV 34T it 21 it 25 il £ il
YRRV, R T o6 FLAR , AN 29 °M3.0 x 10°/4L,
R SERNS AN AL, 1637 CHEFRAT N7 HE] 20 )
124 .48 727196 hitf 73l iIn ACCK-8ia{5f 10 pL, 71 h
J g AR (32 I FEBRCH R B A A T &
FLAEA50 nmik (%) % FE (optical density, OD) {53
BT st 41 25 B B g (RS IR, S8 56 T 423
o

144 G AH ARSI « 57 55 I BCA /) A7 i T
AN A M si-NUAK24H . EVZH FINCLH I TR,
SHE 3K

1.4.5  RPE BRI - N e gE 4 24k F En-
Vision?: ™ K MINUAK2 .PCNAFIBAX (— i 35 )
I = JE AW HOR A R F]) 3% 5K5, DABY A,
NUAK2FIBAXPH M 8 457 /2 4 Jfd J5T , PCNABH M 3 457
SEYNRRAZ  SEAEMRARBE T 3 B X, SR
R RS A ER . o P A T R v T BH M 40
043 ,<5% ; 14% ,5%~<25% ; 24} , 25%~<50% ; 34,
50%~<75%;457, =75% . % (658 & : 05, o ;1
OF ARG 248, B AL 307, B € T A A 3T hy i



SRS TRSCIRAE. NUAK2X GRS PP A0 A SR A i I 1 T

- 421 -

L5 o LAO~45r M BAE , 5~ 1245 R FEPE
1.5 Giit=iobr

K FHSAS6. 12317 Ge it 2 Ab 38, 45 6 1E & 43 1
(R Bk s + s 3875, 241 18] FLARA 7ok 36 L 22 46 [
FEBER T3 220007 T HECRERHL 3 (%) 3R AL 1] L
BRI x K A S M I FHER AR A3, P <
0.05 K 22 A Gei 7 s

2 #R

2.1 HEUME B A R

XFGEPIAHE 127 rh426/41] U 55 965 F88 i) 1E 5 X
HEZH 2Lt NUAK2 Y 2% 35 i e A7 7, & 90 K 7R
IR G B S 3R (P < 0.05), {HI& A T £
NUAK2RIE S5HlE R (P>0.05) LA,
2.2 24— MRk LER

MR R A 31~83% S 4F IS (55.6 + 6.8)
% s AR FFEE (body mass index, BMI) 15.1~30.2 kg/m’,
SEHABMI (20.23 + 1.03) ke/m’; 4 W A 52 259451, TCI
KA 5 5 4851 s A5 KT S 1045, TR s #4740 Xt
M2 B A 0826~79% , - B4 1% (53.6 £ 7.9) % ;
BMI 15.6~30.6 kg/m*, - #JBMI (20.01 + 1.05) kg/m’;
A WA S 6051, TC I AR s S 1455 A A s 9

TCARI 52 548051 . 22 47 9% . BMI W AR 52 A2 g 5B
Heds, 25 g2 L (P>0.05) .

Ovarian cancer

100 — Overall survival

: 1.0 4 —— Low NUAK2
904 . —— High NUAK2

80
70
60
50
40
30
20
101

Percent survival

B ———

Transcripts per million

Oi_“\ T T T
o 0 50 100 150
0’/@ Time/month
AN A B
A, prediction of NUAK2 in ovarian cancer and normal control tissues; B,

prognostic trend prediction of NUAK2 in ovarian cancer.

El1 GEPIABIREREMERENNER
Fig.1 Results of bioinformatics analysis in GEPIA database
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A, positive expression of NUAK2 in ovarian serous carcinoma;B,negative expression of NUAK2 in ovarian serous carcinoma;(C, positive expression of

NUAK2 in serous cystadenomas; D, negative expression of NUAK2 in serous cystadenomas.
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Fig.2 Expression of NUAK2 in ovarian serous carcinoma and serous cystadenoma x 200
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Tab.1 Relationship between the clinicopathological characteritics and NUAK2 expression clinical data in ovarian serous carcinoma

NUAK2 [n (%) ]

Clinicopathological characteristics n X P
+ _
Age
=60 years 23 14 (60.87) 9(39.13) 0.004 6 0.9457
<60 years 34 21(61.76) 13(38.24)
BMI
<20 kg/m’ 28 16(57.14) 12(42.86) 0.4215 0.5162
>20 kg/m’ 29 19(65.52) 10(34.48)
Smoking history
No 48 29(60.42) 19(39.58) 0.124 9 0.723 8
Yes 9 6(66.67) 3(33.33)
Drinking history
No 47 27(57.45) 20 (42.55) 1.769 7 0.183 4
Yes 10 8(80.00) 2(20.00)
Bilateral ovarian involvement
No 34 21(61.76) 13(38.24) 0.004 6 0.945 7
Yes 23 14(60.87) 9(39.13)
Vascular cancer thrombus
No 43 25(58.14) 18(41.86) 0.7870 0.3750
Yes 14 10(71.43) 4(28.57)
Lymph node metastasis
No 42 27(64.29) 15(35.71) 05594 04545
Yes 15 8(53.33) 7(46.67)
Lesion grading
Low 8 2(25.00) 6(75.00) 52038 0.0225
High 49 33(67.35) 16 (32.65)
Maximum diameter of tumor
<8 cm 29 9(31.03) 20(68.97) 229739 <0.000 1
=8 cm 28 26(92.86) 2(7.14)
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A, expression of PCNA in ovarian serous carcinoma;B,expression of
BAX in ovarian serous carcinoma.
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Fig.3 Positive expression of PCNA and BAX
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Fig.4 Comparison of the expression of NUAK2 in different cell

lines
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Fig.5 Comparision of the expression of NUAK2 in SKOV3 cells
in different groups
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Fig.6 Comparision of the expressions of PCNA and BAX in
SKOVS cells in different groups
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Fig.7 Comparison of apoptosis rates of SKOV3 cells in different groups
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