$33% Hell R E @RI RE Vol.33  No.6
2024 4E 6 H China Journal of General Surgery Jun. 2024

g . doi:10.7659/j.issn.1005-6947.2024.06.014 R %Eﬂﬂzﬁ 29 .
FaE- http://dx.doi.org/10.7659/j.issn.1005-6947.2024.06.014
¥ A China Journal of General Surgery, 2024, 33(6):979-987.

1?5’5 FH o2 1@ 1T ERKYE 5 1@ B E= FL R = 20 i
EYEITARNHAR

B NEAC, R MTE, Ak

(N BRI R E SR S /N I8 BB/ B IS bris s/ u T4 KW EME ER 1. SURA

4. Fryi A W) RAER 610041 2. v 5 ML % — AR EE s 2, vl BT 6410005 3. W)l 5 AR T A4 R AR,
E 2 HrafAt, vl AR 610000)

W = EE5EM: BEEEM o2 (KPNA2) 5% F3K AEH 00 FUAT I8 40 L 1T 4% AR B 0E 01, S B 3% 78 W
W, JFS5FLIRRE RN RIS AEOC . ABESE E— 25 40 T KPNA2 76 FL I 240 i v i SRR 00, OF T 3
XoF L 9 A0 A 200 2 A Ry 5 T A DG AL
Foik s G s 20 ARG I 62 191 LM g8 S8 A i 21 40 55 00 55 A LB AR T KPNA2 19 3k o K P Al A 2L 1 o 40
Bk (MDA-MB-453 ., MCF-7) 43 A BAVEXTRRZH (% G428 Bk ) . KPNA2 @ifR4H (%% %« KPNA2 siRNA) |
ERK #5720 (ERK #1157 U0126 4b 31 ) | HK52H (%% 4« KPNA2 siRNA B4 U0126 A #1) o 4 2H 24 i 4b
R4S h )5, 43 31H qRT-PCR 55 Western blot £ 1] KPNA2 mRNA 57 (4 #3k, 090 MTT 2 . w40
A . Transwell 25 . Western blot #6040 3458 . W12, Z28HE S, LM ERK1/2 38 i 5 08 T2 M G HE 1 3
K ARE
SR AL R WR, KPNA2 B (I EFLIRE A 80 KB KV m TR 5 4140 (248 £0.39 vs. 1.28 +
0.22, P<0.05), qRT-PCR 5 Western blot 25 5 i 7, 4 P 7L J s 2000 Bt A 174 B2 %o B4 RN R 10 761 59) 40 1Y)
KPNA2 mRNA 45 I 5K 4 J0 W i 22 5% (1 P>0.05) , 11 KPNA2 #{f 4H FHE 4 4 KPNA2 mRNA 4
HERIA T (¥ P<0.05). IIEELIET R WA, 54 AWMV A LE, ERKITHIFIZ . KPNA2 &A%
LRI 2H 0 A0 B AG BR R AR . TR TR AR R RE s, LI G 2H A U AR R W B (2
P<0.05) . Western blot Z5 8 W, 54 [ AYBIPEXT B4 L4, ERK P14 . KPNA2 Rl {4 R A 4w
B2 ik ERK1/2 . 241 DR 86 U 3 7 3R A 3 F R, HIERS A MH iy NI B W (39 P<0.05) .
s FLARIEE 412U h KPNA2 k7K P Tk, HE e o FL I 968 40 RS0 B LR 22 68 00 (4 4 F e 5 76 4k ERK
ﬁvk%ﬁ%,mw&ﬁé%ﬁ%%%%%%k%%ﬂﬁo
X H A FUIRMIE ; o IR e R s MG A, s f=
FESES: R737.9

EEUH: WIE ARRERESREIIE (2022NSFSC0707) .

Wi HEA: 2024-01-10; fEITHHEA: 2024-05-27,

EB T M, DU R R e e, FE 22 S 2L A DG I2 YA T T R 5E
WEESE: BRI, Email: phy94kin@163.com

http://www.zpwz.net
979


mailto:E-mail:phy94kln@163.com

980 HE AR R K 5533 %

Regulation of biological behavior in breast cancer cells by
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Abstract Background and Aims: Abnormal expression of nuclear transport protein a2 (KPNA2) can enhance the
migration and invasion abilities of breast cancer cells, leading to an increased risk of lung metastasis and
is associated with poor prognosis in breast cancer patients. This study was conducted further to analyze
the expression of KPNA2 in breast cancer cells and explore the related mechanism for it affecting the
biological behavior of breast cancer cells.

Methods: The KPNA2 expressions in cancer tissues and adjacent tissues from 62 breast cancer patients
were detected by immunohistochemical staining. Two human breast cancer cell lines (MDA-MB-453 and
MCF-7) were divided into the negative control group (transfected with blank plasmid), KPNA2
knockdown group (transfected with KPNA2 siRNA), ERK inhibitor group (treated with ERK inhibitor
U0126), and combined group (transfected with KPNA2 siRNA combined with U0126 treatment). After
48 h of treatment, KPNA2 mRNA and protein expressions were detected by qRT-PCR and Western blot,
respectively. Changes in cell proliferation, apoptosis and invasion ability, ERK1/2 pathway, and
apoptosis-related protein expressions were detected using MTT assay, flow cytometry, Transwell assay,
and Western blot analysis, respectively.

Results: Immunohistochemistry results showed that the expression level of KPNA2 protein in breast
cancer tissue was higher than in adjacent tissue (2.48+0.39 vs. 1.28+0.22, P<0.05). qRT-PCR and
Western blot results showed no significant difference in KPNA2 mRNA and protein expressions between
the negative control and ERK inhibitor groups in both breast cancer cell lines (all >0.05). In contrast,
the KPNA2 knockdown and combined groups showed downregulation of KPNA2 mRNA and protein
expressions (all P<0.05). Functional experiments showed that, compared to their respective negative
control groups, the ERK inhibitor group, KPNA2 knockdown group, and combined group exhibited
decreased cell proliferation rates, increased apoptosis rates, and reduced cell invasion abilities, with the
combined group showing the most significant changes (all P<0.05). Western blot results indicated that,
compared to their respective negative control groups, the ERK inhibitor group, KPNA2 knockdown
group, and the combined group had downregulated expressions of phosphorylated ERK1/2 and cleaved
caspase-3 proteins, with the combined group showing the most pronounced downregulation (all P<0.05).
Conclusion: The expression level of KPNA?2 is elevated in breast cancer tissues. Its role in enhancing
breast cancer cells' migration and invasion abilities may be related to the activation of the ERK signaling
pathway. KPNA2 holds promise as a new target for drug development in breast cancer.
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Figure 1 Immunohistochemical staining for expression of KPNA2 protein (x200)
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A: Adjacent tissue; B: Cancer tissue
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Figure 2 Detection of KPNA2 expression in MDA-MB-453 and MCF-7 cells  A: mRNA expression; B: Protein expression
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Figure 3 Comparison of proliferation rates among groups of MDA-MB-453 and MCF-7 cells
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B4 RAAMAKN MDA-MB-453, MCF-7 A THER AR SHBTELER
Figure 4 Detection of apoptosis in MDA-MB-453 and MCF-7 cells by flow cytometry and comparison of apoptosis rates

among groups

5 HAMMEEAMELLR

Figure 5 Comparison of the number of invading cells in each group
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B 6 Western bloti%k#&ill MDA-MB-453, MCF-7#ifi# ERK1/2, p-ERK1/2, C-caspase-3 H5Ri%
Figure 6 Detection of ERK1/2, p-ERK1/2, and C-caspase-3 expressions in MDA-MB-453 and MCF-7 cells by Western blot
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Table 1 Comparison of relative expression levels of ERK1/2 pathway and apoptosis-related proteins among groups

- MDA-MB-453 £Hiifs MCF-7 4t
p-ERK1/2 ERK1/2 C-caspase-3 p-ERK1/2 ERK1/2 C-caspase-3
il o] 0.33+0.07 0.49+0.09 0.28+0.07 0.31+0.07 0.59+0.09 0.24+0.05
ERK 177 25 0.22+0.06" 0.51+0.07 0.18+0.04" 0.19+0.06" 0.61+0.11 0.15+0.04"
KPNA2 {4 0.23+0.05" 0.52+0.09 0.1620.04"? 0.230.05" 0.57+0.10 0.1420.04"
Ba e 0.11+0.03"% 0.51+0.08 0.09+0.02"-23 0.17+0.04"-2:3) 0.60+0.08 0.08+0.02"-23

T 1) S BT I LA, P<0.0552) 15 ERKIHIZH AL, P<0.0533) 5 KPNAZ2 B IR HLAL, P<0.05
Note: 1) P<0.05 vs. negative control group; 2) P<0.05 vs. ERK inhibitor group; 3) P<0.05 vs. KPNA2 knockdown group
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AR BB 25, JF R BRI S L E R,

i BTk, FLAR 4 2 KPNA2 R ik K P57
WA E L T I KPNA2 338 8040 ] ERK {5 53 P% fig
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T2, ATAE Ry LB AEE (R 6 T A

H PR AR PR LA R R,

Y Trak B BT R AR A
B AR MATLEFTR D LEGEEER*
FAE R I IR Fa T, 3 B AT E R T
MAEAER,

2% Uk

[1] Giaquinto AN, Sung H, Miller KD, et al. Breast Cancer Statistics,
2022[J]. CA Cancer J Clin, 2022, 72(6): 524-541. doi: 10.3322/
caac.21754.

[2] Bray F, Laversanne M, Sung H, et al. Global cancer statistics 2022:
GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries[J]. CA Cancer J Clin, 2024, 74(3):229-
263. doi:10.3322/caac.21834.

[3] JiaY, Wang Q, Liang M, et al. KPNA2 promotes angiogenesis by
regulating STAT3 phosphorylation[J]. J Transl Med, 2022, 20(1):
627. doi:10.1186/s12967-022-03841-6.

[4] Alnoumas L, van den Driest L, Apczynski Z, et al. Evaluation of
the role of KPNA2 mutations in breast cancer prognosis using
bioinformatics datasets[J]. BMC Cancer, 2022, 22(1): 874. doi:
10.1186/s12885-022-09969-4.

[5] Ding F, Chen RY, Hou J, et al. Efficacy and prognostic factors of
neoadjuvant chemotherapy for triple-negative breast cancer[J].
World J Clin Cases, 2022, 10(12):3698-3708. doi: 10.12998/wjcc.
v10.i12.3698.

[6] Shi C, Sun L, Liu S, et al. Overexpression of karyopherin subunit

alpha 2 (KPNA2) predicts unfavorable prognosis and promotes

http://www.zpwz.net

bladder cancer tumorigenicity via the P53 pathway[J]. Med Sci
Monit, 2020, 26:€921087. doi:10.12659/MSM.921087.

[7] Xie S, Jin Y, Wang J, et al. DOCKI regulates the malignant
biological behavior of endometrial cancer through c-Raf/ERK
pathway[J]. BMC Cancer, 2024, 24(1):296. doi: 10.1186/s12885~
024-12030-1.

[8] Zhang Y, Lu Q, Li N, et al. Sulforaphane suppresses metastasis of
triple-negative breast cancer cells by targeting the RAF/MEK/ERK
pathway[J]. NPJ Breast Cancer, 2022, 8(1): 40. doi: 10.1038/
s41523-022-00402-4.

[9] Lebedev TD, Khabusheva ER, Mareeva SR, et al. Identification of
cell type-specific correlations between ERK activity and cell
viability upon treatment with ERK1/2 inhibitors[J]. J Biol Chem,
2022, 298(8):102226. doi:10.1016/j.jbc.2022.102226.

[10] Grierson PM, Tan B, Pedersen KS, et al. Phase ib study of
ulixertinib plus gemcitabine and nab-paclitaxel in patients with
metastatic pancreatic adenocarcinomalJ]. Oncologist, 2023, 28(2):
el15-e123. doi:10.1093/oncolo/oyac237.

[11] Andreu Z, Masia E, Charbonnier D, et al. A rapid, convergent
approach to the identification of exosome inhibitors in breast
cancer models[J]. Nanotheranostics, 2023, 7(1):1-21. doi: 10.7150/
ntno.73606.

[12] Ye L, Zhong F, Sun S, et al. Tamoxifen induces ferroptosis in MCF-
7 organoid[J]. J Cancer Res Ther, 2023, 19(6): 1627-1635. doi:
10.4103/jert.jert_608_23.

[13] Xu C, Liu M. Integrative bioinformatics analysis of KPNA2 in six
major human cancers[J]. Open Med, 2021, 16(1): 498-511. doi:
10.1515/med-2021-0257.

[14] Sun X, Chen H, You S, et al. AXL upregulates c-Myc expression
through AKT and ERK signaling pathways in breast cancers[J].
Mol Clin Oncol, 2023, 18(3):22. doi:10.3892/mc0.2023.2618.

[15] Liao WC, Lin TJ, Liu YC, et al. Nuclear accumulation of KPNA2
impacts radioresistance through positive regulation of the PLSCR1-
STAT1 loop in lung adenocarcinoma[J]. Cancer Sci, 2022, 113(1):
205-220. doi:10.1111/cas.15197.

[16] Geng X, Qiu X, Gao J, et al. CREBI regulates KPNA2 by
inhibiting mir-495-3p  transcription to control melanoma
progression: the role of the CREB1/miR-495-3p/KPNA2 axis in
melanoma progression[J]. BMC Mol Cell Biol, 2022, 23(1):57. doi:
10.1186/s12860-022-00446~1.

[17] Browne IM, André F, Chandarlapaty S, et al. Optimal targeting of
PI3K-AKT and mTOR in advanced oestrogen receptor-positive
breast cancer[J]. Lancet Oncol, 2024, 25(4): e139—-el51. doi:
10.1016/S1470-2045(23)00676-9.

[18] Burstein HJ, DeMichele A, Fallowfield L, et al. Endocrine and

targeted therapy for hormone receptor-positive, human epidermal


http://dx.doi.org/10.3322/caac.21754
http://dx.doi.org/10.3322/caac.21754
http://dx.doi.org/10.3322/caac.21834
http://dx.doi.org/10.1186/s12967-022-03841-6
http://dx.doi.org/10.1186/s12885-022-09969-4
http://dx.doi.org/10.1186/s12885-022-09969-4
http://dx.doi.org/10.12998/wjcc.v10.i12.3698
http://dx.doi.org/10.12998/wjcc.v10.i12.3698
http://dx.doi.org/10.12659/MSM.921087
http://dx.doi.org/10.1186/s12885-024-12030-1
http://dx.doi.org/10.1186/s12885-024-12030-1
http://dx.doi.org/10.1038/s41523-022-00402-4
http://dx.doi.org/10.1038/s41523-022-00402-4
http://dx.doi.org/10.1016/j.jbc.2022.102226
http://dx.doi.org/10.1093/oncolo/oyac237
http://dx.doi.org/10.7150/ntno.73606
http://dx.doi.org/10.7150/ntno.73606
http://dx.doi.org/10.4103/jcrt.jcrt_608_23
http://dx.doi.org/10.4103/jcrt.jcrt_608_23
http://dx.doi.org/10.1515/med-2021-0257
http://dx.doi.org/10.1515/med-2021-0257
http://dx.doi.org/10.3892/mco.2023.2618
http://dx.doi.org/10.1111/cas.15197
http://dx.doi.org/10.1186/s12860-022-00446-1
http://dx.doi.org/10.1186/s12860-022-00446-1
http://dx.doi.org/10.1016/S1470-2045(23)00676-9
http://dx.doi.org/10.1016/S1470-2045(23)00676-9

5 6 11

B, % MR E B a2 M BRK G5 LR S T 037

growth factor receptor 2-negative metastatic breast cancer-
capivasertib-fulvestrant: ASCO rapid recommendation update[J]. J
Clin Oncol, 2024, 42(12):1450-1453. doi:10.1200/JC0O.24.00248.

[19] Alshareeda AT, Negm OH, Green AR, et al. KPNA2 is a nuclear
export protein that contributes to aberrant localisation of key
proteins and poor prognosis of breast cancer[J]. Br J Cancer, 2015,
112(12):1929-1937. doi: 10.1038/bjc.2015.165.

[20] Zhang W, Huang F, Tang X, et al. The clonal expression genes
associated with poor prognosis of liver cancer[J]. Front Genet,
2022, 13:808273. doi: 10.3389/fgene.2022.80827.3.

[21] 82248, £35, 910, %5 KPNA2 78 = BIPEFLIRE T ro Fah i

K B U 09 5 R[], R SRR AR, 2021, 30(6):
748-752. d0i:10.7659/.issn.1005-6947.2021.06.017.
Peng XH, Wang F, Shi S, et al. Expression characteristics of
KPNA2 in triple-negative breast cancer and its relationship with
long-term prognosis of patients[J]. China Journal of General
Surgery, 2021, 30(6): 748-752. doi: 10.7659/j. issn. 1005—
6947.2021.06.017.

[22] Dankof A, Fritzsche FR, Dahl E, et al. KPNA2 protein expression
in invasive breast carcinoma and matched peritumoral ductal
carcinoma in situ[J]. Virchows Arch, 2007, 451(5): 877-881. doi:
10.1007/s00428-007-0513-5.

[23] Dahl E, Kristiansen G, Gottlob K, et al. Molecular profiling of
laser-microdissected matched tumor and normal breast tissue
identifies karyopherin alpha2 as a potential novel prognostic
marker in breast cancer[J]. Clin Cancer Res, 2006, 12(13):3950~
3960. doi:10.1158/1078-0432.CCR~-05-2090.

[24] Tan S, Ding K, Li R, et al. Identification of miR-26 as a key
mediator of estrogen stimulated cell proliferation by targeting
CHDI1, GREBI and KPNA2[J]. Breast Cancer Res, 2014, 16(2):
R40. doi:10.1186/bcr3644.

[25] |15, 8 AR, 45 Oct-4.SOX2 Il KPNA2 /£ = B PEFL I8

Rk SR PR X [0]. A R AR 443, 2018, 27(5):581-
587. doi:10.3978/.issn.1005-6947.2018.05.009.
Zhao SF, Wang S, Feng L, et al. Expressions of Oct-4, SOX2 and
KPNA2 in triple-negative breast cancer and their clinical
significance[J]. China Journal of General Surgery, 2018, 27(5):581-
587. doi:10.3978/j.issn.1005-6947.2018.05.009.

[26] TRES W6, Ty, S A HE, 45 . MR h B e 12 52 PR 11 Karyo-
pherin alpha 2 7KV~ 5 ' 8 U5 B9 ¢ R BFFE[T]. #WiiLEEE, 2021,

10.12056/j.  issn. 1006-

43(10):  1042-1045.  doi:

2785.2021.43.10.2020-3286.

Zhang LN, Gan MF, Zhou MY, et al. Effect of Karyopherin alpha 2
expression in nucleus on prognosis of gastric cancer[J]. Zhejiang
Medical Journal, 2021, 43(10): 1042-1045. doi: 10.12056/.
issn.1006-2785.2021.43.10.2020-3286.

[27] 40, Ao, TREE, 45 —BIMESL B A SRR MR B A i 1

FI B 8 AR 2 1 33K B 511 O B AE A TIUS 190G 2= ).
op [ A BE 25 24 K 2021, 31(5):8-14. doi: 10.3969/j.issn. 1005
8982.2021.05.002.
Niu Y, Shi L, Zhang T, et al. Relationship of EVI1 and KPNA2
expression with clinicopathological features and prognosis in triple
negative breast cancer[J]. China Journal of Modern Medicine,
2021, 31(5):8-14. doi:10.3969/j.issn.1005-8982.2021.05.002.

[28] Liu M, Goldman G, MacDougall M, et al. BMP signaling pathway
in dentin development and diseases[J]. Cells, 2022, 11(14): 2216.
doi:10.3390/cells11142216.

[29] Wu C, Huang X, Li M, et al. Crosstalk between circRNAs and the
PI3K/AKT and/or MEK/ERK signaling pathways in digestive tract
malignancy progression[J]. Future Oncol, 2022, 18(40):4525-4538.
doi:10.2217/fon-2022-0429.

[30] Takada T, Tsutsumi S, Takahashi R, et al. KPNA2 over-expression
is a potential marker of prognosis and therapeutic sensitivity in
colorectal cancer patients[J]. J Surg Oncol, 2016, 113(2):213-217.
doi:10.1002/js0.24114.

[31] 2=, B3 P, FEUKan . TUBRES Wi e B AH DCHE D KPNA2 X B 5L
TR MBS T 6 T SRR SR A 5 ) B AL [0, (LR
% 24, 2018, 58(35): 54-57. doi: 10.3969/j.issn. 1002-266X.2018.3
5.013.

Li Q, Gao JF, Qi BL. Effects of silencing metastasis-associated
gene KPNA2 on proliferation, apoptosis, invasion, and cisplatin
sensitivity of ovarian cancer cells[J]. Shandong Medical Journal,

2018, 58(35):54-57. doi:10.3969/j.issn.1002-266X.2018.35.013.
(AUsmi £85)

AR35| AR A, XA, 3, 5 IS M o2l Y ERK {5
5T R PR A B AR WA AT D BTSR[], o e ARG,
2024, 33(6):979-987. doi: 10.7659/].issn.1005-6947.2024.06.014

Cite this article as: Ran R, Liu CY, Wang H, et al. Regulation of
biological behavior in breast cancer cells by karyopherin a2 through
the ERK signaling pathway[J]. Chin J Gen Surg, 2024, 33(6):979-987.
doi: 10.7659/j.issn.1005-6947.2024.06.014

http://www.zpwz.net


http://dx.doi.org/10.1200/JCO.24.00248
http://dx.doi.org/10.1038/bjc.2015.165
http://dx.doi.org/10.3389/fgene.2022.80827.3
http://dx.doi.org/10.7659/j.issn.1005-6947.2021.06.017
http://dx.doi.org/10.7659/j.issn.1005-6947.2021.06.017
http://dx.doi.org/10.7659/j.issn.1005-6947.2021.06.017
http://dx.doi.org/10.1007/s00428-007-0513-5
http://dx.doi.org/10.1007/s00428-007-0513-5
http://dx.doi.org/10.1158/1078-0432.CCR-05-2090
http://dx.doi.org/10.1186/bcr3644
http://dx.doi.org/10.3978/j.issn.1005-6947.2018.05.009
http://dx.doi.org/10.3978/j.issn.1005-6947.2018.05.009
http://dx.doi.org/10.12056/j.issn.1006-2785.2021.43.10.2020-3286
http://dx.doi.org/10.12056/j.issn.1006-2785.2021.43.10.2020-3286
http://dx.doi.org/10.12056/j.issn.1006-2785.2021.43.10.2020-3286
http://dx.doi.org/10.12056/j.issn.1006-2785.2021.43.10.2020-3286
http://dx.doi.org/10.3969/j.issn.1005-8982.2021.05.002
http://dx.doi.org/10.3969/j.issn.1005-8982.2021.05.002
http://dx.doi.org/10.3969/j.issn.1005-8982.2021.05.002
http://dx.doi.org/10.3390/cells11142216
http://dx.doi.org/10.2217/fon-2022-0429
http://dx.doi.org/10.1002/jso.24114
http://dx.doi.org/10.3969/j.issn.1002-266X.2018.35.013
http://dx.doi.org/10.3969/j.issn.1002-266X.2018.35.013
http://dx.doi.org/10.3969/j.issn.1002-266X.2018.35.013
https://dx.doi.org/10.7659/j.issn.1005-6947.2024.06.014
http://dx.doi.org/10.7659/j.issn.1005-6947.2024.06.014

	1     材料与方法
	1.1 材料
	1.2 方法
	1.3 统计学处理

	2     结　果
	2.1 不同组织里面的KPNA2蛋白表达情况
	2.2 各组细胞KPNA2 mRNA及蛋白表达
	2.3 各组细胞增殖与凋亡情况
	2.4 各组细胞侵袭能力变化
	2.5 各组细胞ERK1/2通路与凋亡相关蛋白表达变化

	3     讨　论

