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Role of the APEX family in hepatocellular carcinoma and its potential as a biomarker
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[ Abstract | Objective To analyze the role of APEX family in hepatocellular carcinoma ( HCC).
Methods  After expression data of HCC and normal liver tissues from public databases ( TCGA and TNM
plot) were collected, the expression patterns, functional networks, and potential biological pathways of the
APEX family in HCC were investigated through differential expression analysis, construction of protein-protein
interaction networks( PPI), and Gene Set Enrichment Analysis ( GSEA). Receiver operating characteristic
(ROC) curve analysis was used to assess the potential of APEX family members as diagnostic markers for
HCC, and their correlation with HCC prognosis was anlyzed through survival analysis. RT-qPCR and Western
blotting we performed to detect the expression of APEX1 and APEX2 at mRNA and protein levels in liver cells
and HCC cells. The effect of silencing APEX1 and APEX2 in HCC cells were determined through CCK-8
assay, EdU assay, scratch healing test, and Transwell assay. Results The expression levels of the 2
members of the APEX family, APEX1 and APEX2, were significantly higher in the HCC samples than the
normal liver tissues ( P<0.01). The results of ROC curve analysis on public databases showed that the AUC
value of APEX1 and APEX2 in predicting HCC was 0. 922 and 0. 917, respectively. PPI network analysis
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revealed that APEX family members regulated cell cycle through various signaling pathways. Survival analysis
indicated that HCC patients with high expression levels of APEX1 and APEX2 had significantly shorter overall
survival than those with low levels (P<0.05), and APEX1 and APEX2 were highly correlated with traditional
tumor survival prognostic factors Ki-67 and TP53 (P<0.001). The mRNA and protein levels of APEX1 and
APEX2 were significantly higher in the liver cancer cells than the normal liver cells (P<0.05). In addition,

silencing APEX1 and APEX2 resulted in notably reduced proliferation, migration, and invasion abilities of HCC

cells (P<0.05). Conclusion

APEX1 and APEX2 can serve as potential biomarkers for HCC diagnosis and

prognosis assessment, and their involvement in the regulation of HCC proliferation and metastasis provides new

strategies and targets for the early diagnosis and individualized treatment of HCC.
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B DI ERAG S i A% vh i T OGS A £, 11 ST 1B S TG MR AR
(reactive oxygen species, ROS) F1 7% M & ( reactive
nitrogen species, RNS) 3 i /) DNA 35475 , [6] B -t 4
HAMIE I RELESY 2 Fh e s 1 s e, R e
IT6 DNA Z5-G R8T, 500 IR (1) e A e o ik e 53
¥ £ #& AP-1, NF-«B'" | HIF-1, p53 #l STAT3
SRS APEX R ISR R T R Rk S
iR 0 & A R TR B VAR G o ASBISE 8 R A5 B
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SrHER, B 75y HCC B S p i iay T il ad.
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Hl o VZIE T HTIEIZ O A (18 1), APEX KR 5
HCC fA7Es5 s A DG Tk, 25 6 T B e o R S 3, 1%
U APEXT 5 APEX2 /R NBIFFEXT4

1.1 HAEHRREG L2

RNA-seq 48 73 #7: M\ 98 oE 3 5] 20 1 35 ( the
cancer genome atlas, TCGA) A iT 40 i 92 300 H ( liver
hepatocellular carcinoma, LIHC) A 2 H 424 4~ HCC #¢
A RNA 504 (UL TPM 48 X FoR ) |, IF T izskds
R 5O AN 55 1E 5 TP ZUREAAE I xt BR

T B 2 B i U5 : 2 TNM plot 7 2% 45 41 /&
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L 806 kM HCC HEUR 24 DR HCC 21
LU 5 S 2B | LAt — 20 B0 0iE RNA-seq £ 4%
TR
1.2 APEX Rk kA £ F 54T

Fl Il TIMER2. 0 7€ 2% % 48 & ( http://timer.
cistrome. org/ ) #1 TNM plot Z{4& FEXT APEX1 5 APEX2
TEAN Al B AR 5 I H R b i 260k 22 S kAT rl ALK
Gy, DAV HAE 2 9 h i i i 0 ek o
1.3 HCC ¥ APEX %4 £ % & ik

fili il TCGA-LIHC A i A A B dfs , X APEX1 5
APEX2 7F HCC 59855 [ 4P i) 22 S R IA AT 48
8. Wi ROC HEZR A0 HE £k T 10 FH (area under the
curve , AUC) /30-H7, a8 APEX1 5 APEX2 [X43 HCC £
LG IEHHRMIZEE T .

1.4 &9 R-%4a 48 EAERA M % (protein-protein
interactions networks , PPI)
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(9 gmt” ST, FIH R B0 clusterProfiler §E47 2 [A]
WA, S APEX ZER i 03 26 3k 25 HH OG Y
YRR I RE . WA B  P<0. 05 Fl q<0. 25,
1.6 SEB BRI HT

R EAREA LA 4 5 5 70 M7 (ssGSEA) 545, DAk
24 PG AR AN 14 Fh OB RISTE HCC hi B E
150, FIH TISIDB %#E 2 (http :// cis. hku. hk/TISIDB/ )
J3HT APEXT 5 APEX2 3k 5 #9758 2 [] 14 4H 3¢
P, FE— AR AR T HCC e tBr s T i A o
1.7 tmpieshfodt g
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SMMC-7721 ., Bel-7402 Ff1£ 21%0, 5% CO, 37 C
95%3iR % . Huh-7 il i $ 4R IIER APEX] FI APEX2,
H Huh-7 4 AE 6 FLAR 3G SR, 24 40 i % 1k 5] 60%
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5 min EJ9iR] B, #8 A F1 B RS 1E—EIFHE
20 min,, 16 h J5ARIFAH R Y408, FH T 265550 .
1.8 RT-qPCR %3

S P A0 I 52 B RNA, J 3% 5% 45 78 DNA, i ]
qPCR 73 APEX1 5 APEX2 B £3K, 5149751 i
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WE514)) 5 -TTGCGTCGCCAGCCG-3',
1.9 Western blot
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T 13 G 2 0 U A B N i R R B 2% 3T AR R
B IR A T AR R 8BS R A 4 b, AT Ak
4 i 1) 3 A% FI G G RE
113 @mpesz A

{8 Transwell S 56 46 0 41 0 1= 28 68 1o B 58
e BT - 8 Y AR B L ) AT A ORE, IR Hm A
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T 600 WL 58 4 1% 55 3, A 20 if 4 A1k 05 B2 1) 78 57 =
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ATV AL 3, 5 241 fif Ak T 58 U AR S . TH AR AN
JLJ5 B 100 L ZAH T (75 5%10° N40f/ mL) fin A
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AW, HEXTB AT Z 4017 & e f e, fd
95% &, T [ 2 40 B, FH 0. 1% 45 SR AE = T 4
20 min, LA 37 07 b 52 B0 A0 RO 2. (il B OB A
X400 FEALET T, BEHLZEEL 5 S PLEFEF T 240 BT T4
1.2 %it o4

FH R AT 0, BRI ZR Cox EAE 41T
APEX1 5 APEX2 %3k 5 JH-40 it s o R 935 %) 56
# o KH Kaplan-Meier 32 il AEAF 2R . B DA x+s
FR AR 22 5k A Student” s ¢ K3 IR aE BN R 7 22453
Mriftir. P<0.01 FnEF BASIHE L,

2 HR

2.1 APEX Rz m i £ HCC ¥ &k LA
TEXTAFEFNE AL R G M 1) iz F o vh , L5 3
APEX1 5 APEX2 J[H = ZRIE 7 W) 78 2 Fh i geg v 3
i PEJUHOETE HCC A, axfp BB e 2% (E 1) .
WLZE A o TCGA % P2, HCC FEA H APEXT &
APEX2 (KKK FSIEW FHLE ML A 8% 257
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