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Abstract

With the continuous increase of the incidence of tumors in China, we need a more effective treat-
ment and more sensitive diagnostic method for tumors. At the same time, we should also deepen
the understanding of the occurrence and development process of tumors, and find out the relevant
laws and find ways to prevent and cure them. GINS 2, also known as psf 2, together with psf 1, psf 3,
slld 5, forms components of the GINS complex and plays an important role in cell replication re-
pair and cycle regulation. Recently, relevant studies have shown that GISN2 is closely related to
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the prognosis and development of a variety of tumors. In this paper, we explore the relationship
between the correlation of GISN2 and tumors.
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1. GINS2 EE X H GINS E4FHEXEM5SThtE
1.1. 543

GINS2, HHiFRA PSF2, & A7 T A taih 16924 A7 5 1) GINS2 FE R gmid [ 1]1H i 6 AMZHEA 6
FEEN[2], 5 psfl. psf3. sld5 FEFIA K GINS 4. GINS EEWZ&—4 90 kda 157 PU A&, FH U
AN BRGEHS 23 B 5T A AR AL AT Re SRR T R — /N ERUR,  JRE AN RS 2] T IAE[3], B RAEBEM)IT A
won, JEE GINS B IREEN, SEAEEMM TR PCNA)S AL, "TRET~E H DR A — &
FRAPE[4], GINS B A& SId5. psfl. psf3 A1 Psf2 WEHEFHES 3E 12 HkE HAE B — A b 2 (i
T, FoLEITE T REA L AR N BB XUE DNA [5] [6], HCIBiE ThRE B AT MANE 2 Psf3n Sn4E k]
REfE 1 NIBTE T I EH AR (7], B2 T ReRE 145 H AT MANE 2. SIdS 1 Psf2 (U454 7301 5
Psfl 1 Psf3 AL, X AhZEH) _ERIRANESEL T GINS &Y 7T 550 A7 78 Dy SUE A FR[5]. AR
HAGXT GINS E-A A w78, v LAHERT GINS & &R 78 S i X EE R AA B 7 1 B A B85 .

1.2. IheE

FEEZAYIMAILE A DNA E | FHESE — KYEHE W, 502 M M Gl - RS Sl 8T
H AW (pre-RC), HIRAE S WA B HAh G ) 85 1 LS4 DNA KA 5 3) DNA & f. 2003 & L5 A K
I GINS B &7 DNA il fErh R+ o BmEMER, JFEN GINS E6Y it 5 & HiEIEA L[4,
FEREAT ZHI AN M S /NG AR 4E R 5 A 2-7 Mem2-7) AR I5R 32 A Y (ore) ) cde6 cdtl 7
2 I U A TN # L R T R 1 BT AW (pre-RC) [8]. B J§ MCM2-7 5 GINS. cded5 L[4 5K CMG
HAK, GINS E8YE0E mem2-7 EHHE EAE DNA 5% XA AT BT DNA WEE[9], AR GINS ff
FMEZER MCM 5 Pola-5| ¥ AI DNA A lF(Pole) 15| S4& N DNA EHl& K [10], FERML T —FhbLH]
Y50 85 L1 MCM R R S JE b EE 108 Sh a5 Atk 1] [FIRHAIEE R B GINS AT RETE 4L
RSB HRIEEM, 5 s MR mERAR. AR, psf2 ZEE % E N Survivin [FEY)
Birl FiREHUR A birl-46 (1223 DUHNHIE 1. Psf2 2 A A3 3k #5000 7 44 birl-46 8487,
f04% TBZ BURNE(TBZ & — PPl 8 24), X RWZE A REIEA L0 e 7 2 R[] tf
KRBT R GINS2 5— R¥%24k, EKFETM—REEEA K, 257 4008 HREGE.

2. GINS2 5FhErfE X
2.1. FLIRE
2009 5k, X2 NIET 1200 NHRME SR, #iE T GINS2 et 5 NME LM L[12], FHER
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Je i —4E BB IRk 5760 N AZKIER, HiE GINS2 S M FL e — N 412 B MR E A o<, R B
T ¥ GINS2 B A /KT AT X 43 B RS R A0 4 A 131, 2014 438 A 78 A B GINS2 %33 /K V4 v 1) L e
B AR B SR T R H A FIE MG, JFRP] T GINS2 ¥ /K-Fr] LAEN RFS F1 DMFS 4L
JdRE ST E 7, HARYE SR B3 GINS2 #E R AN £k 5 p53 FHIRAS . B, g
KNS ABSLEZFIRIT  RISRAFYE N 0 W67 T 25 1 S35 ARO[ 14] . 7ERE S J LA MR 5 29 GINS2 (13
A = FIVEFL I (TNBOAI I R s 2. @il @ik GINS2 HIRIAR#MIC 7 TNBC 4y, R780E
ATF4IFEREE, R T GINS2 MYTER S BUE R &% 5 A RE-9 (MMP9)I 25 F# (K520 TNBC B4
RIE[15]. IEFRZHWFRN T GINS2 57w S R I AR 097 TSI, H
MUK GINS2 ()R f5 IX SeRFIE A B 25038, ke o] DL GINS2 1] LAAE Dy L i (78 78 A= Wb 4 A )
TBITRE [ 14] [15]0

2.2. EIRE

A SRR SO E B PCR J7VERTIN 76 19145 B dm b A h GINS2 /) mrma RIATENL, HAHHE
48 T e BB I PACR BEARRAIE K U 9 R R I GINS2 1383k T 45 B e (0 T 5 S E M9 [16]. FFFERE)R
X4 E R 5-FU i 250 SR e 7 GINS2 xf T 25 ¥E e, 3R GINS2 3Rk 5 45 H i )
My 25 % IS, H GINS2 [k BN 1 45 B e it 251 17]

2.3. BM%

7E GINS2siRNA ¥4 3] HL60 405, &I HL60 4 A= K i B 2 F3MHI[18]. HuT G W7t & i
BER S A2 S0 RN A B2 RT3, GINS2 5 PML-C (PML HISS ) ELAEFH,  F R I 4% GINS2 siRNA K
YR TOAE G B [ Bel-2 BIFRIAFEAK, 1 Bax BRI, [FIAS7E A M5 AH DS 78 R B GINS2 REid
it p38MAPK 15 518 E AN A A= K FE iR R AEE T, GINS2 [H3RIE /KPRl RE 2252 ATM. CHK2. bel-2.
bax [t P53 BERSEAH R (W EIA, 55 1 99 40 1 14 {8 A2 R T3 DI AR 9K [19]

2.4. FHEE

TN e 0 AT, A 90 MR A TR A GINS2 SHIERWHBHANAFRIEES, I
I per I GINS2 mRNA 7E 11 i g b 535 = 30K (207 B s ZE X T~ 3E /N2 i Jiti e v F it 7 v < B
A BN e o R GINS2 A3t p5S3/GADDAS A I B 4011 40 i 184 5 T AR A B T, [R5 A ok
WFFE R GINS2 [FRIA/KF ] Lhdid STAT {558 #% & PI3K/Akt A1 MEK/ERK 15 518 6 5% 1 /N4
it ) AR BRARA[21] [22], (RFAMIIGTE L% (RZBM LR 7P . XAl /2 NSCLC Jay7 i —4
B 5 23].

2.5. BREREE

T GINS2 5 HUIR IR R AH G 70 R I, MG ER R e A DGR 40 i P 1) GINS2 RIA R B, GINS2
(RIS W] gl 75 CITED2 F1 LOXL2 (3R] TC g5, fesrdifaidto24], RPN
GINS2 A LA MAPK 38 B 003g , 2Emsema g s, IE AR 28(25]. $&R GINS2 7EHUIR
Jidee v AT BB AR —FIEAE IS W B TS (0 2B AR AR 7 R 25 A

2.6. HibE

1E A 2R v B MO U £ ] GINS2 32 IncRNA XIST/miR 23a 3p 4%, /5 A375 20 ) 14 58 A1
JTI[26], FAERE G RIS T H K I GINS2 FIRIE S BBl Mt R UIA L[27]. R TRE
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REAE I,

I

W

GINS2 A RERUCNIRIT B O 2R T AR B A s SO AR 54 . FEIBS IDE s 78 P K B LncRNA SNHG3 il i
miR-515-5p/GINS2 fili 521 [ Bt Jee (34 (E A 4% 72 [28], TRPM2-AS J#id 5 miR-22-3p 454, #4)0 GINS2 ()
TR SEUBE DA . T 222 EMT. WFRREREM S GINS2 Z )5 [29]. FHilid B ke
FRAH 5 SR PP A S0 R B T GINS2 [ it B Mg (2 s 3 (B A VE FH[30] o [RIE BB 3/ 4 SR (AR 75
RIL GINS2 TEUP B . B30 . AR . I N RN S A DO RE A S rp s R IA T A IE R 4L, T
JNAE GINS2 ] BETax S8 Jgq (1 & A8 K JEAH 5% [31] [32] [33] [34].
3. iig

i A5 10 A R0t T TR A DG AR 5 S ) T LRI 7, BRR AR 22 (R S 46 SR %A I Rg 5 LR 1
RS TR A0 A A DG TR R FLAR DI B, X P A Rg A AT AR I 2 -4 8 e A 1 DR R 2 L2
BITHIJTE, BRI Z W 7RI GINS2 5 28R it R A K fe . B /% TG o A2 DA G,
HAE R Z B 2 ik T Bl IR 2141, HAE 2 B0t i A e A P 526 Hh R B GINS2 (1) R A2
HERIAT M G . A R AR R K, M GINS2 HRERIE REAR I f 42 il JrboRs 40 B O 364, {2905
BT . GINS2 fEA GINS B ity —#sr, e A B ifE H £ 2258 GINS &AL, H
FL ) ThRE A TE A WA, 90 H U CE SR ER S B I v on] DAE DR R Ui DR 32 B R A DR T A 2
MR RS . #He, RIRTEE . s . FODR RS b SCnT AVE g b i 48 DR 4% Ui B8 -7 g
BERE AT IRIE[19] [23] [25]. BEEKG RS T GINS2 BRI IT, AH{E 20K B B GINS2 768 s 5 1)
YER, AT REAE A —ANH i g b P B 7 R R

SE

[1] Huang, H.K., Bailis, J.M., Leverson, J.D., et al. (2005) Suppressors of Birlp (Survivin) Identify Roles for the Chro-
mosomal Passenger Protein Piclp (INCENP) and the Replication Initiation Factor Psf2p in Chromosome Segregation.
Molecular and Cellular Biology, 25, 9000-9015. https://doi.org/10.1128/MCB.25.20.9000-9015.2005

[2] Choi, J.M., Lim, H., Kim, J.J., et al. (2007) Crystal Structure of the Human GINS Complex. Genes & Development, 21,
1316-1321. https://doi.org/10.1101/gad.1548107

[3] Makarova, K.S., Wolf, Y.I., Mekhedov, S.L., et al. (2005) Ancestral Paralogs and Pseudoparalogs and Their Role in
the Emergence of the Eukaryotic Cell. Nucleic Acids Research, 33, 4626-4638. https://doi.org/10.1093/nar/gki775

[4] Takayama, Y., Kamimura, Y., Okawa, M., ef al. (2003) GINS, a Novel Multiprotein Complex Required for Chromo-
somal DNA Replication in Budding Yeast. Genes & Development, 17, 1153-1165.
https://doi.org/10.1101/gad.1065903

[5] Kubota, Y., Takase, Y., Komori, Y., ef al. (2003) A Novel Ring-Like Complex of Xenopus Proteins Essential for the
Initiation of DNA Replication. Genes & Development, 17, 1141-1152. https://doi.org/10.1101/gad.1070003

[6] Boskovic, J., Coloma, J., Aparicio, T., et al. (2007) Molecular Architecture of the Human GINS Complex. EMBO Re-
ports, 8, 678-684. https://doi.org/10.1038/sj.embor.7401002

[71 Chang, Y.P., Wang, G., Bermudez, V., ef al. (2007) Crystal Structure of the GINS Complex and Functional Insights
into Its Role in DNA Replication. Proceedings of the National Academy of Sciences of the United States of America,
104, 12685-12690. https://doi.org/10.1073/pnas.0705558104

[8] Hyrien, O. (2016) How MCM Loading and Spreading Specify Eukaryotic DNA Replication Initiation Sites. 1000Research,
5. https://doi.org/10.12688/f1000research.9008.1

[9] MacNeill, S.A. (2010) Structure and Function of the GINS Complex, a Key Component of the Eukaryotic Replisome.
Biochemical Journal, 425, 489-500. https://doi.org/10.1042/BJ20091531

[10] De Falco, M., Ferrari, E., De Felice, M., et al. (2007) The Human GINS Complex Binds to and Specifically Stimulates
Human DNA Polymerase Alpha-Primase. EMBO Reports, 8, 99-103. https://doi.org/10.1038/sj.embor.7400870
[11] Marinsek, N., Barry, E.R., Makarova, K.S., et al. (2006) GINS, a Central Nexus in the Archaeal DNA Replication Fork.

EMBO Reports, 7, 539-545. https://doi.org/10.1038/sj.embor.7400649

[12] Thomassen, M., Tan, Q. and Kruse, T.A. (2009) Gene Expression Meta-Analysis Identifies Chromosomal Regions and
Candidate Genes Involved in Breast Cancer Metastasis. Breast Cancer Research and Treatment, 113, 239-249.

DOI: 10.12677/acm.2023.133447 3147 I IR = =23t e


https://doi.org/10.12677/acm.2023.133447
https://doi.org/10.1128/MCB.25.20.9000-9015.2005
https://doi.org/10.1101/gad.1548107
https://doi.org/10.1093/nar/gki775
https://doi.org/10.1101/gad.1065903
https://doi.org/10.1101/gad.1070003
https://doi.org/10.1038/sj.embor.7401002
https://doi.org/10.1073/pnas.0705558104
https://doi.org/10.12688/f1000research.9008.1
https://doi.org/10.1042/BJ20091531
https://doi.org/10.1038/sj.embor.7400870
https://doi.org/10.1038/sj.embor.7400649

[14]

[13]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[30]

[31]

[32]

[33]

https://doi.org/10.1007/s10549-008-9927-2

Rantala, J.K., Edgren, H., Lehtinen, L., ef al. (2010) Integrative Functional Genomics Analysis of Sustained Polyploidy
Phenotypes in Breast Cancer Cells Identifies an Oncogenic Profile for GINS2. Neoplasia, 12, 877-888.
https://doi.org/10.1593/ne0.10548

Zheng, M., Zhou, Y., Yang, X., et al. (2014) High GINS2 Transcript Level Predicts Poor Prognosis and Correlates
with High Histological Grade and Endocrine Therapy Resistance through Mammary Cancer Stem Cells in Breast Can-
cer Patients. Breast Cancer Research and Treatment, 148, 423-436. https://doi.org/10.1007/s10549-014-3172-7

Peng, L., Song, Z., Chen, D., et al. (2016) GINS2 Regulates Matrix Metallopeptidase 9 Expression and Cancer Stem
Cell Property in Human Triple Negative Breast Cancer. Biomedicine & Pharmacotherapy, 84, 1568-1574.
https://doi.org/10.1016/j.biopha.2016.10.032

Wei, H.B., Wen, J.Z., Wei, B., ef al. (2011) Expression and Clinical Significance of GINS Complex in Colorectal Can-
cer. Chinese Journal of Gastrointestinal Surgery, 14, 443-447.

Lee, S.H., Nam, J.K., Park, J.K., ef al. (2014) Differential Protein Expression and Novel Biomarkers Related to 5-FU
Resistance in a 3D Colorectal Adenocarcinoma Model. Oncology Reports, 32, 1427-1434.
https://doi.org/10.3892/0r.2014.3337

Zhang, X., Zhong, L., Liu, B.Z., et al. (2013) Effect of GINS2 on Proliferation and Apoptosis in Leukemic Cell Line.
International Journal of Medical Sciences, 10, 1795-1804. https://doi.org/10.7150/ijms.7025

Gao, Y., Wang, S., Liu, B. and Zhong, L. (2013) Roles of GINS2 in K562 Human Chronic Myelogenous Leukemia
and NB4 Acute Promyelocytic Leukemia Cells. International Journal of Molecular Medicine, 31, 1402-1410.

https://doi.org/10.3892/ijmm.2013.1339

Liu, M., Pan, H., Zhang, F., Zhang, Y., et al. (2013) Identification of TNM Stage-Specific Genes in Lung Adenocarci-
noma by Genome-Wide Expression Profiling. Oncology Letters, 6, 763-768. https://doi.org/10.3892/01.2013.1469

Sun, D., Zong, Y., Cheng, J., et al. (2021) GINS2 Attenuates the Development of Lung Cancer by Inhibiting the STAT
Signaling Pathway. Journal of Cancer, 12, 99-110. https://doi.org/10.7150/jca.46744

Chi, F., Wang, Z., Li, Y. and Chang, N. (2020) Knockdown of GINS2 Inhibits Proliferation and Promotes Apoptosis
through the pS3/GADDA45A Pathway in Non-Small-Cell Lung Cancer. Bioscience Reports, 40, BSR20193949.
https://doi.org/10.1042/BSR20193949

Huang, L., Chen, S., Fan, H., ef al. (2021) GINS2 Promotes EMT in Pancreatic Cancer via Specifically Stimulating
ERK/MAPK Signaling. Cancer Gene Therapy, 28, 839-849. https://doi.org/10.1038/s41417-020-0206-7

Ye, Y., Song, Y.N., He, S.F., et al. (2019) GINS2 Promotes Cell Proliferation and Inhibits Cell Apoptosis in Thyroid
Cancer by Regulating CITED2 and LOXL2. Cancer Gene Therapy, 26, 103-113.
https://doi.org/10.1038/s41417-018-0045-y

He, S., Zhang, M., Ye, Y., et al. (2021) GINS2 Affects Cell Proliferation, Apoptosis, Migration and Invasion in Thy-
roid Cancer via Regulating MAPK Signaling Pathway. Molecular Medicine Reports, 23, 246.
https://doi.org/10.3892/mmr.2021.11885

Hao, Y.Q., Liu, K.W., Zhang, X., et al. (2021) GINS2 Was Regulated by IncRNA XIST/miR-23a-3p to Mediate Proli-
feration and Apoptosis in A375 Cells. Molecular and Cellular Biochemistry, 476, 1455-1465.
https://doi.org/10.1007/s11010-020-04007-y

Ma, J., Cai, X., Kang, L., ef al. (2021) Identification of Novel Biomarkers and Candidate Small-Molecule Drugs in
Cutaneous Melanoma by Comprehensive Gene Microarrays Analysis. Journal of Cancer, 12, 1307-1317.
https://doi.org/10.7150/jca.49702

Tian, Y., Guan, Y., Su, Y., et al. (2021) TRPM2-AS Promotes Bladder Cancer by Targeting miR-22-3p and Regulating
GINS2 mRNA Expression. OncoTargets and Therapy, 14, 1219-1237. https://doi.org/10.2147/OTT.S282151

Dai, G., Huang, C., Yang, J., et al. (2020) LncRNA SNHG3 Promotes Bladder Cancer Proliferation and Metastasis
through miR-515-5p/GINS2 Axis. Journal of Cellular and Molecular Medicine, 24, 9231-9243.
https://doi.org/10.1111/jcmm.15564

Feng, H., Zeng, J., Gao, L., et al. (2021) GINS Complex Subunit 2 Facilitates Gastric Adenocarcinoma Proliferation
and Indicates Poor Prognosis. The Tohoku Journal of Experimental Medicine, 255, 111-121.
https://doi.org/10.1620/tjem.255.111

Yan, T., Liang, W., Jiang, E., et al. (2018) GINS2 Regulates Cell Proliferation and Apoptosis in Human Epithelial
Ovarian Cancer. Oncology Letters, 16, 2591-2598. https://doi.org/10.3892/01.2018.8944

Ouyang, F., Liu, J., Xia, M., ef al. (2017) GINS2 Is a Novel Prognostic Biomarker and Promotes Tumor Progression in
Early-Stage Cervical Cancer. Oncology Reports, 37, 2652-2662. https://doi.org/10.3892/0r.2017.5573

Bu, F., Zhu, X., Yi, X., et al. (2020) Expression Profile of GINS Complex Predicts the Prognosis of Pancreatic Cancer

DOI: 10.12677/acm.2023.133447 3148 I IR = =23t e


https://doi.org/10.12677/acm.2023.133447
https://doi.org/10.1007/s10549-008-9927-2
https://doi.org/10.1593/neo.10548
https://doi.org/10.1007/s10549-014-3172-7
https://doi.org/10.1016/j.biopha.2016.10.032
https://doi.org/10.3892/or.2014.3337
https://doi.org/10.7150/ijms.7025
https://doi.org/10.3892/ijmm.2013.1339
https://doi.org/10.3892/ol.2013.1469
https://doi.org/10.7150/jca.46744
https://doi.org/10.1042/BSR20193949
https://doi.org/10.1038/s41417-020-0206-7
https://doi.org/10.1038/s41417-018-0045-y
https://doi.org/10.3892/mmr.2021.11885
https://doi.org/10.1007/s11010-020-04007-y
https://doi.org/10.7150/jca.49702
https://doi.org/10.2147/OTT.S282151
https://doi.org/10.1111/jcmm.15564
https://doi.org/10.1620/tjem.255.111
https://doi.org/10.3892/ol.2018.8944
https://doi.org/10.3892/or.2017.5573

Patients. OncoTargets and Therapy, 13, 11433-11444. https://doi.org/10.2147/OTT.S275649

[34] Obama, K., Ura, K., Satoh, S., et al. (2005) Up-Regulation of PSF2, a Member of the GINS Multiprotein Complex, in
Intrahepatic Cholangiocarcinoma. Oncology Reports, 14, 701-706. https://doi.org/10.3892/0r.14.3.701

DOI: 10.12677/acm.2023.133447 3149 I IR = =23t e


https://doi.org/10.12677/acm.2023.133447
https://doi.org/10.2147/OTT.S275649
https://doi.org/10.3892/or.14.3.701

	GINS2与肿瘤相关性研究最新进展
	摘  要
	关键词
	The Latest Progress of GINS2 Correlation with Tumor Research
	Abstract
	Keywords
	1. GINS2蛋白及其GINS复合体的相关结构与功能
	1.1. 结构
	1.2. 功能

	2. GINS2与肿瘤的相关性
	2.1. 乳腺癌
	2.2. 结直肠癌
	2.3. 白血病
	2.4. 肺癌
	2.5. 甲状腺癌
	2.6. 其他肿瘤

	3. 讨论
	参考文献

