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Overexpression of TIMP3 Affects Biological Functions of Liver Cancer Cells
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Abstract The role of TIMP3 (tissue inhibitor of metalloproteinase 3) in hepatocellular carcinoma is still unclear.
This study aims to explore the expression of TIMP3 in HCC (hepatocellular carcinoma) cell lines, and its effect on cell pro-
liferation, apoptosis and cell cycle in 97H and HUH7. The expression of TIMP3 in HCC cell lines (97H, 97L and HUH7)
and normal human hepatocytes (LO2) was detected by qRT-PCR and Western blot. The overexpressing plasmids were
transfected into 97H and HUH?7 cells, and the expression of TIMP3 in the transfected cells was examined by qRT-PCR and
Western blot. The effect of TIMP3 overexpression on the proliferation of 97H and HUH7 cell was detected by MTT assay
and further monitored by cell imaging multi-mode reader. In addition, the effect of TIMP3 overexpression on apoptosis, cell
cycle, and cell migration was detected by flow cytometry and wound-healing assay. Finally, GSEA (gene enrichment analy-
sis) and IntAct database were used to explore the biological functions of TIMP3 in HCC. The results showed that expression
of TIMP3 in 97H, 97L and HUH?7 cells was lower than that in LO2 cells. The levels of RNA and protein in 97H and HUH7
cells transfected with TIMP3 plasmid were significantly higher, and overexpression of TIMP3 could promote cell prolif-
eration, promoting the transition from G, phase to S phase, and inhibit cell apoptosis (downregulation of Bax expression,

upregulation of Bel-2 and Bel-x1 expression). All in all, TIMP3 overexpression significantly promotes the proliferation and

ek H 9: 2022-07-21 52 HW1: 2022-12-30

BRIEAE 1 RBEEIE G (e S 2017M8112) % B (1) TR

*EIREH . Tel: 029-88965077, E-mail: wxiaofei@xjtu.edu.cn; Tel: 029-82655077, E-mail: yannan159@xjtu.edu.cn

Received: July 21, 2022 Accepted: December 30, 2022

This work was supported by the Natural Science Foundation of Shaanxi Province (Grant No.2017JM8112)

*Corresponding authors. Tel: +86-29-88965077, E-mail: wxiaofei@xjtu.edu.cn; Tel: +86-29-82655077, E-mail: yannan159@xjtu.edu.cn



A5 2 FRAA TIMP3 X 4 A2 D) RE 52

45

inhibits cell apoptosis in HCC, and TIMP3-related signaling pathways and interacting proteins are closely involved in tumor

progression. TIMP3 may be a potential diagnostic marker and therapeutic target for hepatocellular carcinoma.
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A: qRT-PCRAZ Ml TIMP3 mRNAK 1A 7K F; B: Western blotf M TIMP3 25 [ 38 1A 7K *F; C: qRT-PCRAS M 5 4% 5% 4 J5 TIMP3 mRNAZK 1A /KF; D:
Western bloth il iR 5 e JE TIMP3 & [ £IA/KF . *P<0.05, #*P<0.01, ****P<0.000 1, SLO241ECtrl4l LLEL .
A: quantification of TIMP3 mRNA levels using qRT-PCR; B: the expression of TIMP3 protein was measured by Western blot; C: quantification of
TIMP3 mRNA levels using qRT-PCR after plasmid transfection; D: the expression of TIMP3 protein was measured by Western blot after plasmid trans-
fection. *P<0.05, **P<0.01, ****P<0.000 1 compared with LO2 or Ctrl group.
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Fig.1 The expression of TIMP3 in liver cancer cells and after plasmid transfection by qRT-PCR and Western blot
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Fig.2 The effect of TIMP3 overexpression on the proliferation in 97H and HUH?7 cells detected by MTT assay
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A: Cell Imaging Multi-Mode Reader was used to monitor the proliferation of 97H cells; B: Cell Imaging Multi-Mode Reader was used to monitor the
proliferation of HUH?7 cells; C: statistical analysis diagrams of Figures A and B. *P<0.05, **P<0.01, ***P<0.001 compared with Ctrl group.
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Fig.3 The effect of TIMP3 overexpression on the proliferation in 97H and HUH7 cells monitored by Cell Imaging Multi-Mode Reader
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Fig.4 The apoptosis of 97H and HUH?7 cells was detected by flow cytometry and Western blot
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Fig.5 The cell cycle of 97H and HUH?7 cells was detected by flow cytometry
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A: wound healing assay was used to detect the migration of 97H; B: a wound healing assay was used to detect the migration of HUH7.
El6 XRSCIAMITRIATIMPIX97THFAIHUH 74T A0
Fig.6 The migration of 97H and HUH?7 cells was detected by wound healing assay
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[ERepiilss WS N2 AR P RIEP{H Of
Pathway Enrichment score ~ Normalize enrichment scores P value P adjust O value
Ribosome -0.882 6 -4.598 1 1.00x10°" 8.95%107 8.95x107°
Focal adhesion 0.5328 1.876 2 1.00x107" 8.95%10 8.95x10”
Proteasome -0.646 8 -2.8807 5.64x107"° 3.36x10° 3.36x10°
Cardiac muscle contraction -0.469 9 -2.400 3 2.65%107" 1.18x10° 1.18x10°°
TGF-f signaling pathway 0.549 4 1.8309 6.57%1077 2.35x10°° 2.35x10°°
ECM receptor interaction 0.5457 1.8198 2.72x10°° 0.000 1 0.000 1
Pathways in cancer 0.4101 1.468 1 6.53x10°° 0.000 2 0.000 2
Arrhythmogenic right ventricular car-  0.540 3 1.770 9 1.68x107° 0.000 4 0.000 4
diomyopathy arve
DNA replication -0.5239 -2.2136 2.91x107 0.000 5 0.000 5
Adherens junction 0.533 1 1.742 7 3.20%10°° 0.000 5 0.000 5
Regulation of actin cytoskeleton 0.429 4 1.516 0 3.17x10°° 0.000 5 0.000 5
Neurotrophin signaling pathway 0.465 3 1.603 9 4.7x107° 0.000 7 0.000 7
Calcium signaling pathway 0.4309 1.5118 0.000 1 0.001 2 0.001 2
WNT signaling pathway 0.4472 1.556 4 0.000 1 0.001 7 0.001 7
Vascular smooth muscle contraction 0.468 6 1.607 2 0.000 2 0.001 9 0.0019
Endometrial cancer 0.5410 1.698 5 0.000 2 0.002 2 0.002 2
Inositol phosphate metabolism 0.5352 1.6929 0.000 2 0.002 2 0.002 2
Ubiquitin mediated proteolysis 04511 1.556 5 0.000 2 0.002 2 0.002 2
Chronic myeloid leukemia 0.505 3 1.652 0 0.000 3 0.002 3 0.002 3
Phosphatidylinositol signaling system 0.502 0 1.6516 0.000 3 0.002 3 0.002 3
MAPK signaling pathway 0.403 5 1.4355 0.000 3 0.002 3 0.002 3
Axon guidance 0.4493 1.5493 0.000 3 0.002 4 0.002 4
Colorectal cancer 0.5172 1.6652 0.000 3 0.002 4 0.002 4
Erbb signaling pathway 0.477 2 1.597 1 0.000 5 0.003 7 0.003 7
Prostate cancer 0.473 7 1.5890 0.000 7 0.004 8 0.004 8
Small cell lung cancer 0.474 5 1.5809 0.000 8 0.005 4 0.005 4
Leukocyte transendothelial migration 0.448 4 1.5377 0.000 8 0.005 4 0.005 4
Gap junction 0.470 2 1.5773 0.000 9 0.005 5 0.005 5
T cell receptor signaling pathway 0.4535 1.548 9 0.001 0 0.006 0 0.006 0
Pancreatic cancer 0.488 6 1.591 4 0.001 0 0.006 1 0.006 1
Renal cell carcinoma 0.4873 1.587 1 0.001 1 0.006 1 0.006 1
Apoptosis 0.463 4 1.5510 0.001 2 0.006 7 0.006 7
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Pathway Enrichment score ~ Normalize enrichment scores P value P adjust 0 value
Dorso ventral axis formation 0.610 4 1.6815 0.002 0 0.0109 0.0109
Valine leucine and isoleucine degrada- 0.520 1 1.602 5 0.002 7 0.0143 0.014 3
tion
Chemokine signaling pathway 0.389 8 1.3679 0.003 2 0.016 4 0.016 4
Dilated cardiomyopathy 0.448 7 1.504 6 0.003 4 0.016 4 0.016 4
Fc gamma R-mediated phagocytosis 0.434 3 1.463 2 0.003 4 0.016 4 0.016 4
Long term depression 0.465 7 1.5170 0.003 8 0.0180 0.018 0
B cell receptor signaling pathway 0.461 4 1.5172 0.004 2 0.019 4 0.019 4
Notch signaling pathway 0.505 7 1.563 3 0.004 4 0.019 4 0.019 4
Insulin signaling pathway 0.4102 1.4170 0.004 4 0.0194 0.019 4
JAK-STAT signaling pathway 04116 14353 0.004 9 0.020 8 0.020 8
Pyrimidine metabolism -0.283 1 -1.4956 0.005 6 0.0233 0.0233
Glioma 0.466 6 1.509 7 0.0059 0.0239 0.0239
Acute myeloid leukemia 0.480 5 1.530 5 0.006 2 0.024 5 0.024 5
mTOR signaling pathway 0.475 1 1.4915 0.008 1 0.0316 0.0316
Fc epsilon RI signaling pathway 0.4452 1472 1 0.008 5 0.0316 0.031 6
Tight junction 0.402 7 1.388 3 0.008 5 0.0316 0.0316
Lysine degradation 0.494 2 1.522'5 0.008 9 0.032 4 0.032 4
Vasopressin regulated water reabsorp- 0.491 2 1.513 4 0.009 7 0.034 6 0.034 6
tion
O glycan biosynthesis 0.5220 1.5147 0.0112 0.039 3 0.039 3
Hedgehog signaling pathway 0.470 5 1.4930 0.012 4 0.0415 0.0415
Toll-like receptor signaling pathway 04211 1.4239 0.0125 0.0415 0.0415
Progesterone mediated oocyte matura-  0.425 4 14175 0.0121 0.0415 0.0415
tion
VEGF signaling pathway 0.432'1 1.4215 0.013 1 0.042 6 0.042 6
Sphingolipid metabolism 0.495 8 1.498 2 0.013 8 0.044 0 0.044 0
Aldosterone regulated sodium reabsorp-  0.489 0 1.496 2 0.014 8 0.046 4 0.046 4
tion
Long term potentiation 0.440 5 1.4349 0.0159 0.048 3 0.048 3
Hypertrophic cardiomyopathy hcm 0.428 1 1.4277 0.0158 0.048 3 0.048 3
Non-small cell lung cancer 0.4557 1.441 6 0.016 3 0.048 6 0.048 6
Adipocytokine signaling pathway 0.440 9 14322 0.016 9 0.049 5 0.049 5




