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Expression of dUTPase in Gastric Cancer and Its Effect on Proliferation

and Migration of Cancer Cells
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Abstract dUTPase (deoxyuridine 5’-triphosphate nucleotidohydrolase) encoded by DUT gene is a key en-

zyme in the DNA synthesis process. Recent studies have shown that it acts as a “House keeper” in the protection of
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genome stability, but its expression and roles in gastric cancer are still unclear. In this study, iTRAQ-labeled quantita-
tive proteomics was used to identify the high expression of dUTPase in gastric cancer tissue samples. TIMER database
analysis confirmed that dUTPase was highly expressed in gastric cancer. The results of qPCR (quantitative real-time
PCR) and IHC (immunohistochemistry) showed that the expression of dUTPase was significantly higher in gastric
cancer tissues, its expression was correlated with clinicopathological factors such as histological grade and TNM stag-
es. Prognostic analysis showed that high expression of dUTPase was associated with FP (first progression survival),
OS (overall survival), PPS (post progression survival) and HER2 positive status. GSEA (gene set enrichment analysis)
showed that 185 signaling pathways were significantly activated in gastric cancer patients with high expression of
DUT, involving DNA synthesis, DNA repair and genome stability. A series of in vitro functional experiments showed
that inhibition of DUT gene expression in vitro could significantly inhibit the proliferation and the migration of gastric
cancer cells. In conclusion, this study confirmed that dUTPase was significantly overexpressed in gastric cancer, and

its expression might activate multiple tumor signaling pathways involved in DNA synthesis, DNA repair, and genomic

stability. Targeting dUTPase can significantly inhibit the proliferation and migration of gastric cancer cells.
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Fig.1 The MS/MS spectrum of dUTPase

P

&1 dUTPasel&:

kk skokk

kkk ko kksk kkk % dkokok ko okokok

k0 skskok skokok

seokk skokok

F (08=u) Jown WAN
F(Lg=u) Joum] '$ON
F(Sg=u) [euoN' DIDN

F (Spg=u) Joumn " HgON
F(0T1=1) Joun WAHL
F(65=) [BWION'VOHL

F (105=4) Joun ' VOHL
k(0§ T=4) Joun ' 1DOL
F(Sg=u) [PWION'AVLS

k(S Tp=u) Jown VLS
F(89€=) SISEISLION DS
F(€01=4) Joun WIS
F(6ST=1) Joun ' yIvVS
F(01=4) [BWION AVHY
F(991=1) Joun QVEY

- (zg=) ewoN AV yd

- (L6b=u) Joun] Qvyd
F(€=u) [ewIoN'DJDd
F(6L1=u) sown] ' DJDd

- (p=4) [BULON AV Vd
F(8L1=u) Joun ] qVVd
F(€0g=u) Joun'AQ

F (L8=u) Joun ] OSHN

F (15=) [ewWIoN'DSN'T

- (105=4) Joun ' HSN'T
F(65=u) [BWION'AVN'T
F(S1g=u) Jowny v
F(0$=u) [eWION"DHI'T

- (1Lg=u) Joumn " HHIT
F(915=1) Joumn DO
F(€L1=1) Toun TNVT

F (zg=) [ewIoON d I
F(067=4) Jown Y1

- (TL=u) TeWION" DU

F (g€g=u) Jown DI

F ($T=u) [eWION"HOTY
F(99=u) Jown | 'HOI

F (1gp=u) Joun -AdH-OSNH
F (L6=) Joun ] +AdH-DSNH
F (pp=) [eWION DSNH

F (0zs=4) Joun ] HSNH

- (5=u) [eWION NED
F(gg1=u) Jown ' WgD
F(11=4) [eWIoON'VOSH

F (p81=u) Jowny vOSH

F (8p=u) Joun | D 1A

F (1y=4) [BUWION' AVOD

F (LSp=1) Toun aQvOD

- (6=4) [EWION"TOHD

F (9g=u) Joun [ TOHD

- (€=u) [eWION'DSHD

F (y0g=u) Jounp HSH)
F(L1z=u) sown gun-yOue
F (P9g=u) Jown ] yun-yydd
F (z8=u) Joun| Z10H-v g
F (061=4) Jown] Teseq-vydd
F(Z11=4) [BUoN VOuE

F (€60 1=1) TownL ' vOId

F (61=4) [eWION'VOTd

F (807=4) Jounp vy 1
F(6L=4) Jowm ] 5OV

(INd.LB0]) [9A9] uoIsS

< o

oxdxo 7 nq

STAD: B Jl#J5; Normal: 1E 7 2H4L; #P<0.05, **P<0.01, ***P<0.001, 5 IF #4210 L .

STAD: stomach adenocarcinoma; Normal: normal tissues; *P<0.05, **P<0.01, ***P<(0.001 compared with normal group.

El2 TIMEREIEE S H#TDUTERERAESR
Fig.2 Analysis of DUT expression by TIMER
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A: IEW BAY; B: A4, C. D: Brdsl,
A: normal gastric tissues; B: adjacent gastric tissues; C,D: gastric cancer tissues.
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Fig.3 Analysis of dUTPase expression in gastric cancer by immunohistochemistry
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Table 1 dUTPase expression correlated with clinicopathological factors in gastric cancer

9y B R 25 dUTPaseft#%i& dUTPase &i& kiAo PfE
Clinicopathological factors dUTPase low expression dUTPase high expression Cases P-values
Age (year)
=60 13 53 66 0.113
<59 11 21 32
Sex
Male 15 53 68 0.399
Female 9 21 30
Histology classification
Adenocarcinoma 20 69 89 0.144
Signet-ring cell carcinoma 4 5 9
Histological grade
1 11 11 22 0.002
II and III 13 63 76
Lymph node metastasis
Positive 10 47 57 0.059
Negative 14 27 41
TNM staging
1 15 14 29 <0.001

1-1v 9 60 69
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Fig.4 The relationship between dUTPase high expression and prognostic survival of gastric cancer
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A-C: in HER2 positive patients, high dUTPase expression was significantly associated with poor OS, FP, and PPS. D,E: in patients with lymph node

metastasis and HER2 positive, the high expression of dUTPase was not significantly associated with OS (D), but was significantly associated with OS

in HER2 negative patients (E). F-H: in 5-FU-treated and HER2-positive patients, high expression of dUTPase was associated with poor OS (F), espe-

cially in male subjects (G), but not in HER2-negative patients (H).
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Fig.5 The relationship between the high expression of dUTPase and the prognosis of HER2 positive gastric cancer patients
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Fig.6 Gene set enrichment analysis of DUT-related pathways
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A,B: construction of DUT knockdown gastric cancer cell line; C,D: Transwell assay was used to detect the effect of DUT knockdown on the migration
of gastric cancer cells; E,F: CCK-8 assay was used to detect the effect of DUT knockdown on the proliferation of gastric cancer cells. **P<0.01.
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Fig.7 Downregulation of DUT expression inhibits the proliferation and migration of gastric cancer cells

5. RNARESUREE S DA S R AL % . BT
FE IR INDEKAEDUT S R A B B A, R
dUTPaselfi il DEK/E 5 i B /5 B M R 4R .
Ak, TEDUTIRFIE A P & £ M5 — M5 5 2CL14
EI U I(EI6K) . FANSESOEHICL 14 25 57 %1k
() 56 [ f1ACTA2. PLN. ADIRFFIMYHI15 3 Bl

Y1 i 5 AR 5%, 2 ndUTPase 7] fE 5 1% 42 4 2 1 fig
S

NT SR EDUTIE B AN iE . i+
A=A B, AR S it T B0 DUTH R 7l
I SiRNA T F1 AU IE 5 51, e 3 i o2 Ak 2 G I 2395
8T HEDUTH) B ¥ 41 fl AR AGS-siDUTHIHGC-



1894

)

BRI

siDUT, CCK-8f&ill4h F iR, THDUTH R FRIL )G,
AGS KHGCHI A4 4114 58 fig 77 A0 X T x0T HE 25 248 i (2
ZIR(ETERETF). X$ER N IADUTE N KIRIE,
55 T BRI DNAT G S E e 0, Jeem T B
FEA R IGARSNEEERE 1. FIADUTIRIE 53808 %
SRR R A 7% PRI, 1B R ADUTEE A (1) 314
BT B AR RSN (K 7CHE D).
e R, dUTPases— AN /7 B4 5 Js 34 5
AERL 2 1 I HE

g5 B RTIR, ARWFFIESE T dUTPasefE 5 6 HH Rk
I, 5 B RCEMREE S TS A RE VI, M
i ] BefE it T B R A S AT RS . XA B

S I RS W R B L T — 5 A 2
il

SEHk (References)

[11  SMYTH E C, NILSSON M, GRABSCH H I, et al. Gastric can-
cer [J]. Lancet, 2020, 396(10251): 635-48.

[2] BLAIR V R, MCLEOD M, CARNEIRO F, et al. Hereditary dif-
fuse gastric cancer: updated clinical practice guidelines [J]. Lan-
cet Oncol, 2020, 21(8): €386-97.

[3] SHIMADA H, NOIE T, OHASHI M, et al. Clinical significance
of serum tumor markers for gastric cancer: a systematic review
of literature by the Task Force of the Japanese Gastric Cancer As-
sociation [J]. Gastric Cancer, 2014, 17(1): 26-33.

[4] TOH J, HOPPE M M, THAKUR T, et al. Profiling of gastric can-
cer cell-surface markers to achieve tumour-normal discrimination
[J]. BMJ Open Gastroenterol, 2020, 7(1): ¢0004521-5.

[5S] MURAOKA S, KUME H, WATANABE S, et al. Strategy for
SRM-based verification of biomarker candidates discovered by
iTRAQ method in limited breast cancer tissue samples [J]. J Pro-
teome Res, 2012, 11(8): 4201-10.

[6] LI'Y, WANG X, AO M, et al. Aberrant mucin5B expression in
lung adenocarcinomas detected by iTRAQ labeling quantitative
proteomics and immunohistochemistry [J]. Clin Proteomics,
2013, 10(1): 15-24.

[77  WANG Q, ZHI Y, REN W, et al. Suppression of OSCC malig-
nancy by oral glands derived-PIP identified by iTRAQ com-
bined with 2D LC-MS/MS [J]. J Cell Physiol, 2019, 234(9):
15330-41.

[8]  WANG L, CHEN S, ZHANG M, et al. Legumain: a biomarker
for diagnosis and prognosis of human ovarian cancer [J]. J Cell
Biochem, 2012, 113(8): 2679-86.

[9] WIPPEL H H, SANTOS M D M, CLASEN M A, et al. Compar-
ing intestinal versus diffuse gastric cancer using a PEFF-oriented
proteomic pipeline [J]. J Proteomics 2018, 171: 63-72.

[10] JIANG Z, SHEN H, TANG B, et al. Quantitative proteomic
analysis reveals that proteins required for fatty acid metabolism
may serve as diagnostic markers for gastric cancer [J]. Clin Chim
Acta, 2017, 464: 148-54.

[11] NYIRI K, MERTENS H D T, TIHANYT B, et al. Structural

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

model of human dUTPase in complex with a novel proteinaceous
inhibitor [J]. Sci Rep, 2018, 8(4326): 1-15.

KUMAR H, KEHRER J, SINGER M, et al. Functional genetic
evaluation of DNA house-cleaning enzymes in the malaria para-
site: dUTPase and Ap4AH are essential in plasmodium berghei
but ITPase and NDH are dispensable [J]. Expert Opin Ther Tar-
gets, 2019, 23(3): 251-61.

PALINKAS H L, RACZ G A, GAL Z, et al. CRISPR/Cas9-
mediated knock-out of dutpase in mice leads to early embryonic
lethality [J]. Biomolecules, 2019, 9(4): 136,1-14.

WILLIAMS M, ARIZA M E. EBV positive diffuse large b cell:
lymphoma and chronic lymphocytic leukemia patients exhibit
increased anti-dutpase antibodies [J]. Cancers, 2018, 10(5):
1-15.

GROGAN B C, PARKER J B, GUMINSKI A F, et al. Effect of
the thymidylate synthase inhibitors on dUTP and TTP pool lev-
els and the activities of DNA repair glycosylases on uracil and
5-fluorouracil in DNA [J]. Biochemistry, 2011, 50(5): 618-27.
VODENKOVA S, BUCHLER T, CERVENA K, et al. 5-fluo-
rouracil and other fluoropyrimidines in colorectal cancer: past,
present and future [J]. Pharmacol Ther, 2020, 206: 107447.
SETHY C, KUNDU C N. 5-Fluorouracil (5-FU) resistance and
the new strategy to enhance the sensitivity against cancer: impli-
cation of DNA repair inhibition [J]. Biomed Pharmacother, 2021,
137: 111285: 1-15.

YANO W, YOKOGAWA T, WAKASA T, et al. TAS-114, a first-
in-class dual dutpase/dpd inhibitor, demonstrates potential to
improve therapeutic efficacy of fluoropyrimidine-based chemo-
therapy [J]. Mol Cancer Ther, 2018, 17(8): 1683-93.
MIYAHARA S, MIYAKOSHI H, YOKOGAWA T, et al. Discov-
ery of a novel class of potent human deoxyuridine triphosphatase
inhibitors remarkably enhancing the antitumor activity of thymi-
dylate synthase inhibitors [J]. ] Med Chem, 2012, 55(7): 2970-80.
DAVISON C, MORELLI R, KNOWLSON C, et al. Targeting
nucleotide metabolism enhances the efficacy of anthracyclines
and anti-metabolites in triple-negative breast cancer [J]. NPJ
Breast Cancer, 2021, 7(38): 1-13.

YOKOGAWA T, YANO W, TSUKIOKA S, et al. dUTPase inhi-
bition confers susceptibility to a thymidylate synthase inhibitor in
DNA-repair-defective human cancer cells [J]. Cancer Sci, 2021,
112(1): 422-32.

YAMAMOTO N, HAYASHI H, PLANCHARD D, et al. A ran-
domized, phase 2 study of deoxyuridine triphosphatase inhibitor,
TAS-114, in combination with S-1 versus S-1 alone in patients
with advanced non-small-cell lung cancer [J]. Invest New Drugs,
2020, 38(5): 1588-97.

DOIT, YOH K, SHITARA K, et al. First-in-human phase 1 study
of novel dUTPase inhibitor TAS-114 in combination with S-1
in Japanese patients with advanced solid tumors [J]. Invest New
Drugs, 2019, 37(3): 507-18.

KAWAHARA A, AKAGI Y, HATTORI S, et al. Higher expres-
sion of deoxyuridine triphosphatase (dUTPase) may predict the
metastasis potential of colorectal cancer [J]. J Clin Pathol, 2009,
62(4): 364-9.

YE F, WANG H, LIU J, et al. Genetic variants of the dUTPase-
encoding gene DUT increase HR-HPV infection rate and cervical
squamous cell carcinoma risk [J]. Sci Rep, 2019, 9(513): 1-9.



H %55 dUTPasefE 15 i AU RIE M HON i 40 I MG 58 T B8 A5 1895

[26] REQUENA C E, PEREZ-MORENO G, HORVATH A, et al. The [28] CHEN C W, TSAO N, HUANG LY, et al. The impact of dutpase
nucleotidohydrolases DCTPP1 and dUTPase are involved in the on ribonucleotide reductase-induced genome instability in cancer
cellular response to decitabine [J]. Biochem J, 2016, 473(17): cells [J]. Cell Rep, 2016, 16(5): 1287-99.

2635-43. [29] BODINE D M. All hands on DEK [J]. J Clin Invest, 2019,

[27] WILSON P M, LABONTE M J, LENZ H J, et al. Inhibition of 129(6): 2205-6.
dUTPase induces synthetic lethality with thymidylate synthase- [30] FAN X, BIALECKA M, MOUSTAKAS 1, et al. Single-cell re-
targeted therapies in non-small cell lung cancer [J]. Mol Cancer construction of follicular remodeling in the human adult ovary [J].

Ther, 2012, 11(3): 616-28. Nat Commun, 2019, 10(3164): 1-13.



