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FJX1 overexpression is associated with poor prognosis and promotes gastric cancer

proliferation via the PI3K/AKT signaling pathway

ZHANG Hao', ZHANG Zhen', WANG Qiusheng', WANG Lian', YANG Zi', GENG Zhijun’, WANG Yueyu¢’, LI Jing’, ZUO Lugen'
'Department of Gastrointestinal Surgery, 2Department of Central Laboratory, *Department of Clinical Laboratory, First Affiliated Hospital of
Bengbu Medical College, Bengbu, 233004, China

Abstract: Objective To investigate the expression of four-jointed box kinase 1 (FJX1) in gastric cancer (GC), its correlation with
survival outcomes of the patients, and its role in GC progression. Methods The expression level of FJX1 in GC tissues and
normal gastric mucosal tissues and its correlation with the survival outcomes of GC patients were analyzed using TCGA and
GEO database GC cohort. Immunohistochemistry was used to detect FJX1 expression level in clinical specimens of GC tissue,
and its correlations with the patients' clinicopathological parameters and prognosis were analyzed. Bioinformatic analysis was
performed to identify the potential pathways of FJX1 in GC. The effects of FJX1 overexpression or FJX1 silencing on GC cell
proliferation and expressions of proliferation-related proteins, PI3K, AKT, p-PI3K, and p-AKT were evaluated using CCK-8
assay and Western blotting. The effect of FJX1 overexpression on GC cell tumorigenicity was evaluated in nude mice. Results
GC tissues showed significantly higher expressions of FJX1 mRNA and protein compared with normal gastric mucosa tissues
(P<0.05). The high expression of FJX1 was associated with poor prognosis of GC patients (P<0.05) and served as an
independent risk factor for poor survival outcomes in GC (P<0.05). FJX1 was expressed mainly in the cytoplasm of GC cells in
positive correlation with Ki67 expression (R=0.34, P<0.05), and was correlated with CA199 levels, depth of tumor infiltration
and lymph node metastasis of GC (P<0.05). In the cell experiment, FJX1 level was shown to regulate the expressions of Ki67
and PCNA and GC cell proliferation (P<0.05). Gene set enrichment analysis indicated that the PI3K/AKT pathway potentially
mediated the effect of FJX1, which regulated the expressions of PI3K and AKT and their phosphorylated proteins. In nude
mice, FJX1 overexpression in GC cells significantly promoted the growth of the transplanted tumors (P<0.05). Conclusion FJX1
is highly expressed in GC tissues and is correlated with poor prognosis of GC patients. FJX1 overexpression promotes GC cell
proliferation through the PI3K/AKT signaling pathway, and may serve as a potential prognostic biomarker and therapeutic
target for GC.
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Fig.1 Expression of FJX1 in GC tissues. A: Expression of FJX1 in pan-cancer tissues and normal tissues. B: Expression of FJX1 in GC
samples of TCGA cohort. C: FJX1 expression in paired GC samples of TCGA cohort. D: ROC analysis of FJX1 in GC samples of TCGA
cohort. E: Expression of FJX1 in GC samples of GSE66229 cohort. F: FJX1 expression in paired GC samples of GSE66229 cohort. G:

ROC analysis of FJX1 in GC samples of GSE66229 cohort.
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Fig.2 Analysis of the prognostic value of FJX1 in GC. A: Analysis of FJX1 expression and prognosis of GC patients in the
TCGA cohort. B: Multifactorial COX analysis of risk factors affecting the prognosis of GC patients in the TCGA cohort. C:
Analysis of FJX1 expression and prognosis of GC patients in the GSE84437 cohort. D: Multifactorial COX analysis of risk
factors affecting the prognosis of GC patients in the GSE84437 cohort. *P<0.05, **P<0.01.
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Tab.1 Analysis of the correlation between FJX1 protein expression and clinicopathological parameters of GC

patients in the BBMC cohort

5B EEFIRRRESEAEXES T

FJX1 Expression (1, %)

Factors n - v P
High (n=43) Low (n=44)

Gender
Male 63 31 (49.2%) 32 (50.8%) 0.149 0.700
Female 24 12 (50%) 12 (50%)

Age (year)
=60 53 28 (56%) 25 (44%) 0 0.992
<60 34 15 (44.1%) 19 (55.9%)

BMI
=24 35 17 (48.6%) 18 (51.4%) 0.184 0.668
<24 52 26 (50%) 26 (50%)

CEA (ug/L)
=10 20 13 (65%) 7 (35%) 1.623 0.209
<10 67 30 (44.8%) 37 (55.2%)

CA199 (kU/L)
=35 31 21 (66.7%) 10 (32.3%) 6.232 0.017
<35 56 22 (39.3%) 34 (60.7%)

pT
T1/T2 27 6(22.2%) 21 (77.8%) 5.342 0.017
T3/T4 60 37 (61.7%) 23 (38.3%)

pN
NO 46 15 (32.6%) 31 (67.4%) 4.977 0.03
N1-N3 41 28 (68.3%) 13 (31.7%)

FJX1: Four-joint box kinase 1; BMI: Body Mass Index; CEA: carcinoembryonic anti-gen; CA199: Carbohydrate antigen199.



+ 980 -

J South Med Univ, 2023, 43(6): 975-984

http://www.j-smu.com

Cancer

FIX1

C Normal Cancer
g . - vy S o o, i T N 7 -
T2 o PRy Trar i | S SR PR T
- * b, - go- | #:v.,,g & J

Ki67

3

o

s a e o=
WEL Xl Al AT
87~ - ‘_;“
a0 d'b ,~, B

e e

E 100 -+~ FJX1-High
=+=FJX1-Low
75
=
>
I3
7 50
=
5]
S
25
Log-rank
0 P=0.0017

0 12 24 36 48 60

B 2.3e-08
o
o |oo
. “
o
qg i ol P
A o e o :‘..!'
. L ‘.....
Q . *
. LY (Y
— .‘"’t.. B ',:'E,;,
§ D .
= 2xT* =l
5 4 L.,
» ol
i
.
B

4 6 8
FIX1
F BBMC Hazard ratio

Age  (N=87) (0.684°5.42) r—.—- 0.4349
Gender (N=87) © 5‘,’995511.78) -—I—- 0.9006
CEA  (N=87)  (0435%% 05 -—I—« 0.9934
CA199  (N=87)  (0597°975) -—-—- 0.9179
Tumor.sizV=67) (0 g¥573 39) v—-—I—- 0.1561
pT N=87) (02963 05) -—I—- 0.0694
pN (N=87) (1'0%29‘},‘67) v—-l—‘ 0.0392 *
FIX1  (N=87) (1.0582% 57) -—I—- 0.0388 *
# Events: 55; Global p-value (Log-Rank): 0.0076111 1 ; :

AIC: 436.91; Concordandé Index: 0.67

Survival (month)

B3 FIX1EBEPNERFEUKTENME

Fig.3 Protein expression of FJX1 in GC and its prognosis value. A: Immunohistochemical detection of FJX1 and Ki67
expression in GC and normal tissues. B: Differential analysis of FJX1 protein expression in GC and normal tissues. C:
Correlation analysis of protein expression levels of FJX1 and KI67 in GC tissues. D: Survival analysis of FJX1 in the BBMC
cohort. E: Multifactorial COX analysis of FJX1 in the BBMC cohort. *P<0.05.
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Fig.4 Functional enrichment analysis of FJX1 in GC. A: GO analysis of FJX1 in GC. B: KEGG analysis of FJX1 in GC. C: GSEA
analysis of FJX1 expression and PI3K-Akt signaling pathway. D: Correlation analysis of FJX1 with key genes of PI3K/AKT

signaling pathway in gastric cancer.
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Fig.5 FJX1 regulates gastric cancer cell proliferation. A: Validation of FJX1 overexpression and FJX1 silencing in
MGC803 cells. B: Validation of FJX1 overexpression and FJX1 silencing in SGC7901 cells. C: FJX1 regulates the
expression of proliferation-associated proteins Ki67 and PCNA in MGC803 cells. D: Cell proliferation was
determined by CCKS8 assay in MGC803 cells. E: FJX1 regulates the expression of proliferation-associated proteins
Ki67 and PCNA in SGC7901 cells. F: Cell proliferation was determined by CCKS8 assay in SGC7901 cells. *P<0.05,

#*P<0.01 vs Vector group, “P<0.01 vs OE-FJX1 group.
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Fig.6 FJX1 regulates the PI3K/AKT signaling pathway in gastric cancer cells. A:
Detection of PI3K, AKT protein and phosphorylated protein expression in FJX1
differentially expressed MGC803 cells by WB. B: Differential analysis of IOD values of
phosphorylated PI3K and phosphorylated AKT protein expression in MGC803 cells.
C: Detection of PI3K, AKT protein and phosphorylated protein expression in FJX1
differentially expressed SGC7901 cells by WB. D: Differential analysis of IOD values of
phosphorylated PI3K and phosphorylated AKT protein expression in SGC7901 cells.
*#P<0.05, **P<0.01 vs Vector group, “P<0.01 vs OE-FJX1 group.
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Fig.7 FJX1 promotes tumor growth in an implantation tumor model. A: Implantation tumor
growth of MGC803 cells in Vector group, OE-FJX1 group and sh-FJX1 group. B: Comparison of
tumor weight in Vector group, OE-FJX1 group and sh-FJX1 group. C: Comparison of tumor
volume in Vector group, OE-FJX1 group and sh-FJX1 group. *P<0.05, **P<0.01 vs Vector group,
#P<0.01 vs OE-FJX1 group.
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