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Expression of GSTO1 in ovarian cancer tissue and effect of
N-glycosylation site mutations on biological behaviors of
epithelial ovarian cancer cells

LI Hong"?, YU Panpan®, ZHAO Zouyu'*?, SUN Chongfeng'?, QIAO Hui"?, YANG Ping"**
(1. Department of Gynecology, First Affiliated Hospital, Shihezi University, Shihezi 832008, China;
2. School of Medicine, Shihezi University, Shihezi 832008, China;3. Department of Gynecology,
Xinjiang Production and Construction Corps Hospital, Urumqi 830001, China)

ABSTRACT Obijective: To discuss the expression of glutathione S-transferase Omega-1 protein (GSTO1)
in epithelial ovarian cancer (EOC) tissue and its relationship with the clinicopathological characteristics and
prognosis of the patients, and to investigate the effect of its N-glycosylation modification on the biological
behaviors of ovarian cancer A2780 and SKOV 3 cells, and to clarify its possible mechanism. Methods: GENT?2
database was used to analyze the expression levels of GSTOI mRNA in ovarian cancer tissue and normal
ovarian epithelial tissue. The clinical information of 88 EOC patients who visited and underwent surgery
in the Department of Gynecology of the First Affiliated Hospital of Shihezi University was collected, the
tissue samples were collected, and the prognosis of the patients was followed up regularly.
Immunohistochemical method was used to detect the expression of GSTO1 protein in ovarian tissue of EOC
patients, and its relationship with the clinicopathological characteristics and prognosis of the patients was
analyzed. Univariate and multivariate Cox regression analyses were used to evaluate the risk factors
affecting the prognosis of EOC patients. Mass spectrometry was used to compare the difference in
N-glycosylation modification of GSTO1 protein between highly metastatic ovarian cancer ES-2 cells and
parental SKOV3 cells, and NetNGlyc 1.0 server database was used to identify its modification sites.
Tunicamycin was used to inhibit the overall N-glycosylation of cells, and ovarian cancer A2780 and
SKOV 3 cells were divided into control group, dimethyl sulfoxide (DMSO) group, and tunicamycin group.
The ovarian cancer A2780 and SKOV3 cells with different levels of N-glycosylation modification were
stably constructed by lentiviral transfection and divided into NC group, WT group, N55Q group, N135Q
group, N190Q group, and N3Q group. 5-Ethynyl-2'-deoxyuridine (EdU) assay was used to detect the
proliferation rates of the cells in various groups; Transwell chamber assay was used to detect the numbers
of migration cells and invasion cells in various groups; Western blotting method was used to detect the
expression levels of GSTO1 protein and epithelial-mesenchymal transition (EMT )-related proteins
E-cadherin, N-cadherin, and Vimentin in the cells in various groups. Results: According to GENT2
database, compared with normal ovarian epithelial tissue, the expression level of GSTO1 mRNA in ovarian
cancer tissue was significantly increased (P<C0. 01). Immunohistochemical staining results showed that there
were 66 cases with high expression of GSTO1 and 22 cases with low expression of GSTO1 in tumor tissues of
EOC patients. The high expression of GSTO1 protein in tumor tissue of EOC patients was associated with
FIGO stage, lymphovascular space invasion, and tumor diameter (P<C0. 05). The univariate and multivariate
Cox regression analyses results showed that high FIGO stage, lymph node metastasis, and high GSTO1

expression were independent risk factors affecting the overall survival (OS) and progression-free survival
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(PFS) of EOC patients. The mass spectrometry results showed that compared with parental SKOV 3
cells, the level of N-glycosylation modification of GSTO1 in highly metastatic ovarian cancer ES-2 cells
was significantly increased (P<C0.05), and its N-glycosylation modification sites were Asn55, Asnl35,
and Asnl90, respectively. Compared with control group, the expression levels of GSTO1 protein in
A2780 and SKOV3 cells in tunicamycin group were significantly decreased (P<C0.05). Compared with
WT group, the expression levels of GSTO1 protein in A2780 and SKOV 3 cells in N135Q, N190Q, and
N3Q groups were significantly decreased (P<C0.05). Compared with WT group, the proliferation rates of
A2780 and SKOV3 cells in N135Q, N190Q, and N3Q groups were significantly decreased (P<C0.05).
Compared with WT group, the numbers of migration cells and invasion cells of A2780 and SKOV 3 cells in
N55Q, N135Q, N190Q, and N3Q groups were significantly decreased (P<Z0.05). Compared with WT
group, the expression levels of E-cadherin protein in A2780 and SKOV3 cells in N3Q group were
significantly increased (P<C0.05), and the expression levels of N-cadherin protein and Vimentin protein
in A2780 and SKOV3 cells in N190Q and N3Q groups were significantly decreased (P<C0.05).
Conclusion: GSTO1 is highly expressed in EOC tissue and cells and is associated with poor prognosis

of patients. Mutation of its N-glycosylation sites can inhibit the proliferation, migration, invasion, and EMT

process of ovarian cancer cells.

KEYWORDS Epithelial ovarian cancer; Glutathione S-transferase Omega-1 protein; N-glycosylation;

Cell migration; Cell invasion; Cell proliferation;
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Fig. 1 Expression of GSTOI1 mRNA in ovarian cancer tissue from GENTZ2 database

£1 83HIEOC BHELITHK
Tab.1 Baseline data of 88 patients with EOC 7 [(5/%)]

Characteristic Number
Age(year)

<52 48 (54.5)

=>52 40 (45.5)
FIGO Stage(2014)

1 36 (41.0)

Il 12 (13.6)

1l 39 (44.3)

v 1(1.1)
Pathological type

Plasmacytoid cancer 65 (73.9)

Mucinous carcinoma 7(8.0)

Clear cell carcinoma 6(6.8)

Endometrioid cancer 9 (10.2)

Mixed epithelial carcinoma 1(1.1)
Grade

Low 17 (19.3)

Middle 9(10.2)

High 62 (70.5)
LVSI

Yes 24 (27.3)

No 64 (72.7)
LNM

Yes 29 (33.0)

No 59 (67.0)
Size(cm)

<8 46 (52.3)

>8 42 (47.7)
CA125(U-mL™")

<200 48 (54.5)

=200 40 (45.5)
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(E14B) . FIH KEGG #4ls 2% ik % 5 219 & A
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FEAC U 3 % RN R A OG 38 s (181 4C) 5 ok S %
A 3AHA B2 R N-BE e e, /Y
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Fig. 2 Expressions of GSTO1 protein in EOC tissue and normal fallopian tube epithelial tissue (Immunohistochemistry)

= 3 -7 or
e e ntl 1

S W Y % 4%

2 AREFRREFIEEOC BEMAEHL P GSTO1EARLBELR
Tab.2 Expressions of GSTO1 protein in ovarian tissue of EOC patients with different clinicopathological characteristics

[n(n/%)]
GSTO1
Characteristic n X P
Low High

Age(year) 0.244 0.621
<52 48 13(27.1) 35(72.9)
>52 40 9(22.5) 31(77.5)

FIGO Stage(2014) 6.111 0.013
I-1 48 17(35.4) 31(64.6)
-1V 40 5(12.5) 35(87.5)

Pathological type 0.491 0.484
Plasmacytoid cancer 65 15(23.1) 50(76.9)
Adenocarcinoma 23 7(30.4) 16(69.6)

Grade 0.024 0.876
Low 17 4(23.5) 13(76.5)
Other divisions 71 18(25.4) 53(74.6)

CA125(U-mL ") 0.244 0.621
<200 48 13(27.1) 35(72.9)
=200 40 9(22.5) 31(77.5)

Size(cm) 26.783 <0.001"
<8 46 22(47.8) 24(52.2)
=>8 42 0(0.0) 42(100.0)

LVSI 4.889 0.027
Yes 24 10(41.7) 14(58.3)
No 64 12(18.8) 52(81.2)

LNM 0.017 0.896
Yes 29 7(24.1) 22(75.9)
No 59 15(25.4) 44(74.6)

“: The P value of Fisher’s exact test was chosen because of extreme value (0). Other divisions: Moderately differentiated and highly

differentiated.
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Fig. 3 OS(A) and PFS(B) of EOC patients in GSTO1 protein low expression group and GSTO1 protein high

expression group

#3 EOCREOSEMARKERNRMEEAR Cox EIHSMT

Tab.3 Univariate and multivariate Cox regression analyses of influencing factors of OS in EOC patients

Univariate Cox analysis

Characteristic

Multivariate Cox analysis

HR 95%CI P HR 952 CI p
FIGO stage (Il-IV ws 1 -11) 9.948 4.037—24.510 0.001 14.272 3.509—158.042 0.001
Grade (High vs low) 1.719 0.600—4.928 0.919
Size (>8 cm vs <8 cm) 4.698 2.030—10.873 0.001 0.516 0.113—2.345 0.392
LVSI (Positive vs negative) 1.999 0.974—4.103 0.059
LNM (Positive us negative) 3.271 1.582—6.764 0.001 3.397 1.606—7.183 0.001
GSTOL1 (High vs low) 3.376 1.138—10.017 0.028 4.881 1.024—23.270 0.029

#4 EOCEREPFSEMARHHARRMEHE Cox BIHSHT
Tab.4 Univariate and multivariate Cox regression analyses in influencing factors of PFS in EOC patients

Univariate Cox analysis

Characteristics

Multivariate Cox analysis

HR 95%CI p HR 95%C1 P
FIGO stage (I-IV vs T-11) 8.109 3.765—17.462 0.001 8.468 2.765—25.933 0.001
Grade (High vs low) 1.427 0.597—3.408 0.424
Size (>>8 cm vs <<8 cm) 4.864 2.349—10.069 0.001 0.669 0.193—2.320 0.526
LVSI (Positive vs negative) 1.483 0.776 —2.834 0.233
LNM (Positive vs negative) 2.306 1.220—4.358 0.010 2.583 1.335—14.588 0.005
GSTOL1 (High vs low) 4.782 1.695—13.488 0.003 4.119 1.163—14.588 0.028

GSTO1. LAMASHIITGA6 (B 4D), LC-MS/MS
SPRTEE SRR B GSTOL 78 U0 S = 5 B A g vh 17
18 34 % BRI N B AL A, 23902 Asn55.,
Asnl35 1 Asn190 ([l 4E). #] ] NetNGlye 1.0
server 2 WE B 2F P W K GSTO1 5 H A9 N-BE 3
B AL, KB 3AEIEB AL (N135, P=
0.620; N190, P=0.670; N55, P=0.670) HA
BRI BHPER WL 5. i I A R S T o A R
W GSTOL N-#H AL AL 8 — B 25 b, P
HUg P AEAE GSTOL N-HESE A B i, HAB M A7 5 53

524 Asn55. Asnl35F1 Asn190,
2.5 WHEN-BAALE S AW TP GSTOLE G
% ik KF  Western blotting W45 - B /n . S xR
Fb#, KB E 4 A2780 Fl SKOV3 41 g f* GSTO1
HARBACFE B EIC (P<0.05). WK 6,
2.6 #EHpEMEEmBF GSTOl X G £ & KP
5NCH A, WTH4 A2780 418 b GSTO1 &
kK 8 TR (P<<0.05). 5 WT 4 g,
N135Q. N190Q 1 N3Q #H A2780 K SKOV3 41 jity
H1 GSTOL 8 1 R KK B W] W R (P<<0.05)
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g Class :i‘
Sl o Down 3
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%3 <?Non 5
— up s:
| -
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1 2 3 4 5 6 7 8 9 10 11
—Log,(Ratio) Position
A B

1. Buman
[Proteins with pathway annotation (6877)[Pathway 10|

973 (14, 15%) 01100
1280 (4.07%) lko04510
1280 (4. 07%) 05169
1268 (3.9%) lko05200
241 (3.5%)
1236 (3. 43%)
1231 (3.36%)
11 (3.07%)

SpPTRALTIGSTOL HUMAN
SpOISZ30LAMAS HUMAN

Pathways

177 (2.578)
1176 (2. 56%)
175 (2.54%)
171 (2. 49%)
167 (2.43%)
[163 (2.37%)
1162 (2. 36%)
[157 (2. 28%)
157 (2. 28%)
[t55 (2. 25%)
[155 (2. 25%)

152 (2.21%)

In cancer SpP23229TGA6 HUMAN

Modified
peptide  with| podified | Peptides P value| Class

probabilities

Spi T
P784171GSTO1_HUMAN 55 gli Y,'I‘;I]T,EN 7 HEVININLK 2425 0.034 Up
Spi

P784171GSTO1_HUMAN 190 LDﬁ[T":,?('C"aC]EW 2 IL,[:ECVDHT 2163 0042 Up
Spi

P78417IGSTO1_HUMAN 135 g%:g:sg::]ﬁ 3 (S;(E?EEEFDRYA 1.955 0.049 Up

IE

A': Volcano plot of differential proteins between highly metastatic ovarian cancer cells and parental cells; B : Motif distribution of protein
N-glycosylation modification sites ; C : KEGG enrichment analysis of differential proteins ; D : N-glycosylation modification proteins that are

significantly different in the pathways in cancer; E: Specific sites of N-glycosylation modification of GSTO1 protein.
B4 GSTOL N-AFHEALBHI AL % E
Fig. 4 Identification of GSTO1 N-glycosylation modification sites

LK 7, B4R R 5 WT 4t ,N55Q . N135Q . N190Q F1
27 #Fpiamp¥iai S5WT4Hhig, N3Q 4 A2780 4 iy Kz SKOV 3 2 g 1t 1T £% 41 i K 1
N135Q. N190Q #il N3Q 41 A2780 4 i & SKOV3 B AR (P<<0.001) .

4 g 1 5 R A B R (P<<0.05). DLIEI 8, RETLWEGRE/R: 5WTHIE, N55Q.
2.8 HEpRAtHmeRPREmbs THY N135Q. N190Q F1 N3Q 41 A2780 48 ity 2 SKOV3
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NetNGlyc 1.0:predicted N-glycosylation sites
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Fig.5 Prediction of GSTO1 N-glycosylation sites
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A,B:A2780 cells; C,D:SKOV3 cells. Lane 1:Control group; Lane 2: DMSO group; Lane 3: Tunicamycin group. 1: Control group;
2: DMSO group; 3: Tunicamycin group. "P<<0.05, " P<<0.01.
B 6 Western blotting Bl & A4 GSTO1 EHRBEMIKE (A.C)FIELKE (B.D)

Fig. 6 Electrophoregrams (A,C) and histograms (B,D) of expressions of GSTO1 protein in cells in various

groups detected by Western blotting method

40 000 - o
s
EE 30000 |-
1 2 3 4 5 6 M 82
g5 20000}
GSTO1 28 000 0
55
20 10 000 |
c-tubulin S-S —— 5 000 e
UTNC  WT N55QN135QN190Q N3Q
A B
40 000
3
< £ 30000
1 2 3 4 5 6 M, : &
g 5 20000
GSTO WD - . . 25 000 e
. £% 10000
a-tubulinm 54 000 =
C D

A,B: A2780 cells; C,D: SKOV 3 cells. Lane 1: NC group; Lane 2: WT group; Lane 3: N55Q group; Lane 4: N135Q group; Lane 5: N190Q
group; Lane 6: N3Q group. P<<0.05, "P<0.01, ""P<0.001.

B 7 Western blotting IR W J 5 A MM H GSTO1 HARERIKE(A.C)MELKE(B.D)
Fig. 7 Electrophoregrams (A, C) and histograms (B, D) of expressions of GSTO1 protein in cells in various groups after

transfection detected by Western blotting method
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ALB:X 1005 A,C: A2780 cells; B,D: SKOVS3 cells. "P<<0.05, " P<<0.01, "P<C0.001.
B8 AHAMF EAUFHERBHBLR(A,B)MAKIHFEK(C,D)

Fig. 8 EdU positive expression in cells(A,B) and proliferation rates of cells(C,D) in various groups

9 M 1= 22 A0 K B W R IR (P<<0.001) . HIN3Q 41 A2780 4 fd # N-cadherin & (4 & SKOV3
DLE 9 5, A N-cadherin £l Vimentin 25 4 3% ik 7K SF ¥ B
2.9 #FEAMmMi P E-cadherin,N-cadherin #= B A (P<<0.05 8 P<<0.01 8 P<<0.001), N55Q.
Vimentin & & A& AR+ SWTAHK, N3Q4 N190Q F1 N3Q 41 A2780 4l jfd H' Vimentin & [ % ik
A2780 F1 SKOV 3 4 i /' E-cadherin & [ 3¢ 35 /K F K H B AR (P<<0.05). WLIE 10,

¥ 8 IR (P<<0.05), N55Q. N135Q. N190Q
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A :A2780 cells;
B9 Transwel /NEXREBW A AFBIEBMEEBEHR(LHE, <100)

Fig. 9 Migration and invasion of cells in various groups detected by Transwell chamber assay(Crystal violet, X 100)

B:SKOV3 cells.

£S5 HATHAMBCNRZED KL

Tab.5 Numbers of migration and invasion cells in various groups

(n=3, x+s)

Group A2780 cells SKOV3 cells
Number of migration cells Number of invasion cells Number of migration cells Number of invasion cells
NC 657.33+16.04 605.67+14.57 851.67+£17.56 289.00£16.53
WT 1421.33+£14.05 799.33+£16.01 1435.33£12.50 636.00+£18.00
N55Q 505.33+14.29" 386.674+11.02° 848.334+13.50" 272.00+15.10
N135Q 480.67+16.01" 272.004+14.11° 626.0048.00° 175.33+12.22°
N190Q 467.00+17.52" 292.00+14.00" 396.00+18.33" 186.33418.50°
N3Q 369.67+15.50" 124.3349.45° 164.00+£17.09° 103.334+13.32"
'P<0.001 vs WT group.

3 9% it T DT AL 5 ik B RIS DGR S0, IR & S HAE

AP e i gy o0, NEASUTZRA T JFB S s 0.

RN OV P NN NS & o N N 3 0 A
&1 (programmed death-ligand 1, PD-L1) #i il
K PARP #l il %] [poly (adp-ribose) polymerase
inhibitor, PARPi] 7EIf A _F #4982 ] 48 iy 88 1 2
R, HORG B3 MO B S0y 25 W 2451k 5
FOL SR RN AT, Bk, AR R
HL9m8 F 2 Wy 7 v SO IR T R R A L B
GSTOLE GST HRIKM MR Z—, FERPA FE B

K Eﬁﬁﬁﬁﬁ;&GSTQZ%IE’J%mﬁﬂiiJ[I
SRR AN M bR L LR R R e Y R R
KK . WANG % " 338 GSTO1TE fiz Jik 3% 1 M (5
# J& (cutaneous malignant melanoma, CMM) H &
#ik, HHS5 CMM AR BUGHK . AR
IR GSTO1TE S B4 4Uh 2 ik, HIEm
BV UG M E SN R . AN E e GENT2
ByE JE & B GSTOT mRNA 7€ Bl 198 41 40 b i 3%
ik, B R SURN A I K CF B HIE GSTO1 &
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A,C: A2780 cells; B,D: SKOV3 cells. Lane 1:NC group; Lane 2: WT group; Lane 3:N55Q group; Lane 4:N135Q group; Lane 5:N190Q

group; Lane 6:N3Q group. "P<C0.05, "P<C0.01, ""P<C0.001.

E10 AT EMT HXEAFREBEXKE (A, B)MELE(C,D)

Fig. 10 Electrophoregrams (A, B) and histograms (C, D) of expressions of EMT-related proteins in cells in various

groups
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