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[ Abstract] Background and purpose: Threonine tyrosine kinase 1 (TTK1) is an integral part of the spindle assembly checkpoint
and ensuring the correct separation of chromosomes. TTK1 may be a potential target associated with chemotherapy sensitivity.
Ovarian cancer, one of the most common malignant tumors in the female, has the third incidence rate and the first mortality rate
among gynecological malignant tumors. Clinically, platinum-containing drugs are commonly used in chemotherapy for ovarian
cancer. Patients, however, often develop platinum resistance after long term chemotherapy, which affects their treatment course
and prognosis. Therefore, it is necessary to find genes associated with platinum-resistance as effective targets for the treatment of
ovarian cancer. The purpose of this study was to investigate the relationship between TTK1 and platinum resistance in ovarian
cancer. Methods: The genes interacting with TTK1 were screened out through big data analysis, the biological functions of TTK1
were explored, and a network model of drug resistance mechanisms was established based on the relevant gene functions. Platinum
resistance-related pathways in ovarian cancer were analyzed by GEO microarray. The RNA of platinum-resistant ovarian cancer cells
with TTK1 knockdown was sequenced to analyze the relationship between TTK1 and drug resistance-related pathways. Results:
TTKI1 participated in the process of cell mitosis and cell differentiation, and played an important role in the process of chromosome
separation. It was found that TTK1 was overexpressed in ovarian cancer patients with platinum resistance, and RNA sequencing

results further displayed the signaling pathways associated with TTK1 in platinum-resistant cells of ovarian cancer. Conclusion:

EE&UWE.: FEARPAIES (82072876, 81772774, 81772808 ) 5 IFTTRMFH ARZE 51245 R H (17411963500 )
EEEH: 1% E-mail: lurenquan@]126.com



(P BBEAERE L) 2021453145 300)

183

TTK1 may participate platinum resistance in ovarian cancer through a variety of pathways, and the combined treatment of ovarian

cancer based on TTK1 inhibitors may become a new mode of treatment.

[Key words] Threonine tyrosine kinase 1; Ovarian cancer; Platinum
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Tab.1 Sequence of sShRNA

Name Sequence
shCtrl 5’-CCTAAGGTTAAGTCGCCCTCG-3”
shTTK1-1 5’-GATAAGATCATCCGACTTTAT-3’

shTTK1-2 5’-GCACAATTTGAACTGTCACAA-3’

1.8 Western blot
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Tab.2 Molecules interacting with TTK1

Nodel Node2 Combined score
CDC20 NDC80 0.999
CDC20 CENPE 0.999
CDK1 MAD2LI1 0.999
CDK1 BUBIB 0.999
CDK1 NDC80 0.999
CDK1 CDC20 0.999
MAD2LI1 BUBIB 0.999
NUF2 NDC80 0.999
CDK1 BUBI 0.999
CDK1 KIF11 0.999
CDK1 NCAPG 0.999
MAD2L1 NDC80 0.999
CDC20 BUBI 0.999
BUBI MAD2L1 0.999
BUBIB NDC80 0.999
CENPE NDC80 0.999
BUBI1 BUBIB 0.999
BUBI CENPE 0.999
CDC20 BUBIB 0.999
CDC20 MAD2L1 0.999
BUBIB CENPE 0.999
BUBI NDC80 0.999
BUBI NUF2 0.999
CENPE KIF11 0.998
TTK BUBI1 0.998
CDK1 CENPE 0.998
MAD2LI1 CENPE 0.998
NUF2 CENPE 0.998
TTK MAD2LI1 0.998
MAD2L1 NUF2 0.997
CDC20 TTK 0.997
BUBI KIF11 0.997
CDK1 NUF2 0.997
CDC20 NUF2 0.996
TTK NDC80 0.996
BUBIB NUF2 0.996
TTK BUBIB 0.995
CDC20 KIF11 0.995
MAD2LI1 KIF11 0.994
NDC80 KIF11 0.994
CDK1 TTK 0.993
TTK KIF11 0.993
TTK NCAPG 0.992
TTK CENPE 0.992
KIF11 NCAPG 0.991
BUBIB KIF11 0.991
MAD2LI1 NCAPG 0.989
TTK NUF2 0.989
NUF2 KIF11 0.987
NDC80 NCAPG 0.987
BUBI NCAPG 0.985
CENPE NCAPG 0.979
NUF2 NCAPG 0.972
CDC20 NCAPG 0.965
BUBIB NCAPG 0.925

Nodel: One gene; Node2: The other gene; Combined score: Interaction
scoring



186 MEE, 5 TTKIEINE B IHEMA PR INREDT

A B Ontology ® BP  CC m MF

. i ~Hsp70 protein binding

Protein serine/threonine/tyrosine kinase activity

i 'yelin binding

RNA polymerase [l CTD heptapeptide repeat kinase activity
Ubiquitin-protein transferase regulator activity
Cyclin-dependent lgmtem nase activity

3 ) . 1stone kinase activity
Cyclin-dependent protein serine/threonine kinase activity
. _Protein C-terminus binding

Protein serine/threonine kinase activity
Spindle microtubule

Condensed chromosome outer kinetochore
Mitotic spindle

Condensed chromosome kinetochore
‘'ondensed chromosome

Cond d chromoseme, ic region
. Spindle

Kinetochore

Chromosoeme, centromeric region

o (fh.romosomal region

Mitotic sister chromatid separation
Metaphase_/anag}m;e transition of mitotic cell cycle
Regulation of mitotic sister chromatid separation
Metaphase/anaphase transition of mitotic cell cycle
Regulation of chromosome segregation

Regulation of sister chromatid segregation

Mitotic nuclear division

Nuclear chromosome T

Sister chromatid segregation

Chromosome segregation

Description

0 20 40 60 80
GeneRatio
C D
Cell cycle | [ ] . . )
Regulation of sister chromatid
Qocyte meiosis [} segregation
Gene number
Progestero diated oocyte ion ¢ L] !
2
g Human T-cell leukemia virus 1 infection L] : 3
. . . ®5
= ]
= Viral cacinogenesis . 0
g p53 signaling pathway -Log,, (P value)
o
= Ubiquitin mediated proteolysis -+ 10.0
7.5
Human immunodeficiency virus 1 infection { + 5.0
25
Gap junction |
~3
Cellular senescence « DNA damage response, signal
+ + . transduction by p53 class mediator
_i\e\ "'? § & § a resulting in cell cycle arrest
o o o ~ Positive regulation of mitotic cell cycle
GeneRatio phase transition

1 HIEESTTKI I8
Fig. 1 Database analysis of biological function of TTK1

A: Ten genes of TTK1 interaction (BUB1, BUBIB, CDC20, CDK1, CENPE, KIF11, MAD2LI1, NCAPG, NDC80, NUF2). B: GO function
enrichment analysis, 30 most significant functions are selected to draw histograms (10 for each category), 10 of the three GO categories are the most
significant GO term, different GO categories are represented by different colors, the length of bar represents its enrichment significance, and the longer
it is, the more significant it is. C: According to the enrichment analysis of KEGG pathway, the 10 most significant pathways are selected to draw the
bubble diagram. The longitudinal axis represents the name of the pathway of differential gene enrichment, and the color of the bubble reflects the
significant degree of enrichment of the pathway, from red to purple, and the size of the bubble reflects the overlap between the differential genes and
the differential genes of the pathway. The larger the bubble, the more differential genes overlap. The horizontal axis GeneRatio takes into account the
overlap of differential genes and the total number of genes annotated to the pathway. The higher the value, the more enriched the differential genes in
the pathway. D: The network model of drug resistance mechanism

* 3 DNAHBGIEE. REMSBMMEIEIEXN EMER

Tab.3 Biological pathways related to DNA damage repair, chromosome segregation and cell cycle

Ontology GO ID Description GeneRatio  BgRatio P value Count Gene name Gene entry

BP 0006977 DNA damage 1/11 56/17 913 0.0339 1 CDK1 CDK1
response, signal
transduction by
p53 class mediator
resulting in cell cycle
arrest

BP 1901992  Positive regulation 1/11 82/17913 0.0492 1 CDK1 CDK1
of mitotic cell cycle
phase transition

BP 0051983  Regulation of 711 93/17913 2.6210E-14 7 BUBI1/BUBIB/ BUBI1/BUBIB/
chromosome CDC20/CENPE/  CDC20/CENPE/
segregation MAD2L1/ MAD2L1/NDC80/TTK

NDC80/TTK
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Fig. 2 Analysis of platinum resistance pathway in ovarian cancer

A: The up-regulated genes in platinum-resistant ovarian cancer patients were marked red. B: The up-regulated genes were analyzed by GO, and the
30 most significant functions were selected to draw a histogram (ten for each classification). C: The up-regulated genes were enriched by KEGG
pathway. The 10 most prominent pathways were selected to draw the bubble chart
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Fig.3 The expression of TTK1 in ovarian cancer
A: TIMER database was used to analyze the expression of TTK1 in many types of human tumors. The gene expression profile across all tumor
sampies and paired normal tissues (dot plot). Each dot represents expression of samples. B: Confocal fluorescence showed the localization of TTK1

in the cells. C: Expression of TTK1 protein in ovarian cells, ovarian cancer cells and platinum-resistant ovarian cancer cells. D: Immunochemical
staining of TTK1 in platinum-sensitive ovarian cancer tissues and platinum-resistant ovarian cancer tissues
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Fig. 4 RNA-seq results were performed on TTK1 knockdown ovarian cancer platinum-resistant cells

A: GO enrichment map: among the three GO categories, the 10 most significant GO term, different GO categories are represented by different colors.
The length of bar represents its enrichment significance, and the longer it is, the more significant it is. B: Heat map based on KEGG differential genes.
C: KEGG pathway enrichment map: the longitudinal axis represents the pathway name of differential gene enrichment, and the color of bubbles
reflects the significant degree of pathway enrichment, from green to red, and the size of bubbles reflects the overlap between differential genes in this
pathway, and the larger the bubble is, the more overlapping the differential genes are. The horizontal axis Rich Factor takes into account the overlap
of differential genes and the total number of genes annotated to the pathway. The higher the value, the more enriched the differential genes in the
pathway. D: Verification of RNA-seq results at protein level and mRNA level.
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