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INTRODUCTION 
 
Hepatocellular carcinoma (HCC) ranks as the 5th most 
common tumor worldwide and the 3rd most common 
cause of tumor-associated death [1–4]. Due to several 
risk factors, such as hepatitis C and hepatitis B virus 
infection, alcohol abuse and aflatoxin-contaminated 
food, HCC incidence has increased in the last 2 decades 
[5–9]. As an aggressive solid tumor, HCC is 
characterized by early metastasis, rapid infiltration and 
proliferation, poor prognosis and high-grade malig-
nancy [10–14]. Despite progression in therapies 
including surgery, interventional therapy, radiation and 
chemotherapy, the prognosis of advanced HCC remains 
unsatisfactory [15–18]. Therefore, it is necessary to find  

 

early diagnosis markers and new therapeutic targets  
for HCC. 
 
Long noncoding RNAs (lncRNAs) are a subgroup of 
ncRNAs that are more than two hundred nucleotides in 
length with limited or no protein coding potential  
[19–23]. Multiple studies have suggested that lncRNAs 
are involved in several cellular processes, such as cell 
migration, proliferation, apoptosis, differentiation and 
invasion [21, 24–26]. Moreover, many lncRNAs were 
found to be deregulated in several cancers and were 
correlated with cancer growth and carcinogenesis  
[27–31]. Recently, a new lncRNA MACC1-AS1 was 
shown to play critical roles in the development of 
tumors, such as pancreatic carcinoma and gastric cancer 
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ABSTRACT 
 
Long noncoding RNAs play vital roles in several biological processes, including cell growth and embryonic 
development. We showed that MACC1-AS1 was overexpressed in hepatocellular carcinoma (HCC) cells and tissues. 
The MACC1-AS1 expression level was dramatically upregulated in HCC samples compared to adjacent normal 
samples, and 77.5% (31 of 40) of HCC samples showed overexpression of MACC1-AS1. Ectopic MACC1-AS1 
expression enhanced cell proliferation and cyclin D1 expression in both SMMC7721 and MHCC-97H cells. Ectopic 
expression of MACC1-AS1 promoted vimentin, N-cadherin and snail expression and decreased E-cadherin 
expression in both SMMC7721 and MHCC-97H cells. MACC1-AS1 overexpression also induced cell invasion in the 
same two cell lines. Furthermore, MACC1-AS1 overexpression enhanced PAX8 expression in HCC cells. The PAX8 
level was dramatically increased in HCC samples compared to adjacent normal samples, and 75% (30 of 40) of HCC 
samples showed overexpression of PAX8. PAX8 expression was positively correlated with MACC1-AS1 expression in 
HCC samples. MACC1-AS1 overexpression promoted HCC cell proliferation, EMT and invasion through regulating 
PAX8. These results suggest that MACC1-AS1 acts as an oncogene in the development of HCC. 
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[32–34]. Mesenchymal stem cells (MSCs) secrete TGF-
β1 induce MACC1-AS1 expression in gastric cancer 
cells, which enhances fatty acid oxidation-dependent 
chemoresistance and stemness by antagonizing miR-
145-5p expression [33]. Zhao et al. [34] showed that 
MACC1-AS1 levels were overexpressed in gastric 
cancer samples, and overexpression of MACC1-AS1 
increased gastric cancer cell growth and suppressed cell 
apoptosis partly by regulating AMPK/Lin28. Qi et al. 
[32] demonstrated that MACC1-AS1 levels were 
upregulated in pancreatic carcinoma samples and that 
knockdown of MACC1-AS1 suppressed pancreatic 
carcinoma cell growth and metastasis. However, the 
role and function of MACC1-AS1 in HCC development 
remain unknown. 
 
In this research, we studied the expression and function 
of MACC1-AS1 in HCC development. We found  
that MACC1-AS1 was overexpressed in HCC cells  
and tissues. Ectopic MACC1-AS1 expression promoted 
cell proliferation and cyclin D1 expression in HCC 
cells. 
 
RESULTS 
 
MACC1-AS1 was overexpressed in HCC cells 
 
We first analyzed MACC1-AS1 expression in HCC cell 
lines and one normal hepatocyte cell line. As indicated 
in Figure 1A, MACC1-AS1 was overexpressed in four 
HCC cell lines (QGY-7703, SMMC7721, MHCC-97H 
and HepG2) compared to the normal hepatocyte cell line 
(HL-7702). In line with this, we demonstrated that the 
MACC1-AS1 was overexpressed in four HCC cell lines 
(QGY-7703, SMMC7721, MHCC-97H and HepG2) 

compared to the hepatocyte cell line (HL-7702) by using 
RT-PCR. 
 
MACC1-AS1 was overexpressed in HCC samples 
 
Furthermore, we analyzed MACC1-AS1 expression in 40 
paired HCC and adjacent normal samples. As indicated in 
Figure 2A, the MACC1-AS1 expression level was 
dramatically upregulated in HCC samples compared to 
adjacent normal samples, and 77.5% (31 of 40) of HCC 
samples showed overexpression of MACC1-AS1. In 
summary, MACC1-AS1 expression was higher in HCC 
tissues than in nontumor tissues (Figure 2B). 
 
Ectopic expression of MACC1-AS1 induced HCC 
cell growth 
 
We confirmed that the expression of MACC1-AS1 was 
significantly upregulated in SMMC7721 cells (Figure 
3A) and MHCC-97H cells (Figure 3B) after transfection 
with the pcDNA-MACC1-AS1 vector. Ectopic MACC1-
AS1 expression promoted cell proliferation in both 
SMMC7721 cells (Figure 3C) and MHCC-97H cells 
(Figure 3D). We determined by qRT-PCR that elevated 
MACC1-AS1 expression induced cyclin D1 expression 
in both SMMC7721 cells (Figure 3E) and MHCC-97H 
cells (Figure 3F). 
 
Elevated MACC1-AS1 expression promoted HCC 
cell epithelial-mesenchymal transition and invasion 
 
Ectopic MACC1-AS1 expression promoted vimentin,  
N-cadherin and snail mRNA expression and inhibited  
E-cadherin mRNA expression in both SMMC7721 cells 
(Figure 4A) and MHCC-97H cells (Figure 4B). In 

 

 
 

Figure 1. MACC1-AS1 was overexpressed in HCC cells. (A) The expression of MACC1-AS1 in four HCC cell lines (QGY-7703, SMMC7721, 
MHCC-97H and HepG2) and one hepatocyte cell line (HL-7702) was detected by qRT-PCR. (B) The expression of MACC1-AS1 in four HCC cell 
lines (QGY-7703, SMMC7721, MHCC-97H and HepG2) and one hepatocyte cell line (HL-7702) was detected by PCR. 



www.aging-us.com 72 AGING 

 
 

Figure 2. MACC1-AS1 was overexpressed in HCC samples. (A) MACC1-AS1 level was dramatically increased in HCC samples compared 
to adjacent normal samples, and 77.5% (31 of 40) of HCC samples showed overexpression of MACC1-AS1. (B) MACC1-AS1 expression in 40 
paired HCC and adjacent normal samples were analyzed. ***p<0.001. 
 

 
 

Figure 3. Ectopic expression of MACC1-AS1 induced HCC cell growth. (A) MACC1-AS1 expression was detected in the SMMC7721 cell 
by using qRT-PCR analysis. (B) MACC1-AS1 expression was detected in the MHCC-97H cell by using qRT-PCR analysis. (C) Ectopic MACC1-AS1 
expression promoted cell proliferation in SMMC7721 cell. (D) Overexpression of MACC1-AS1 induced MHCC-97H cell growth. (E) Elevated 
MACC1-AS1 expression induced the cyclin D1 expression in SMMC7721 cell. (F) The expression of cyclin D1 was analyzed by using qRT-PCR. 
*p<0.05, **p<0.01 and ***p<0.001. 
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addition, MACC1-AS1 overexpression induced cell 
invasion in both SMMC7721 cells (Figure 4C) and 
MHCC-97H cells (Figure 4E). The relative number of 
invasive cells is shown in Figure 4D and Figure 4F. 
 
MACC1-AS1 overexpression enhanced PAX8 
expression in HCC cells 
 
Overexpression of MACC1-AS1 enhanced PAX8 
expression in SMMC7721 cells, as determined by using 
qRT-PCR (Figure 5A). Moreover, we demonstrated that 
elevated expression of MACC1-AS1 promoted PAX8 
expression in SMMC7721 cells via western blot analysis 
(Figure 5B). 
 
PAX8 expression was upregulated in HCC tissues 
 
As indicated in Figure 6A, PAX8 expression was higher 
in HCC tissues than in nontumor tissues. The PAX8 
level was dramatically increased in HCC samples 

compared to adjacent normal samples, and 75% (30 of 
40) of HCC samples showed overexpression of PAX8 
(Figure 6B). PAX8 was overexpressed in four HCC cell 
lines (QGY-7703, SMMC7721, MHCC-97H and 
HepG2) compared to the hepatocyte cell line (HL-7702) 
(Figure 6C). Moreover, we indicated that PAX8 
expression was positively correlated with MACC1-AS1 
expression in HCC samples (Figure 6D). 
 
MACC1-AS1 overexpression promoted HCC cell 
proliferation, EMT and invasion through regulating 
PAX8 
 
To further study the role of PAX8 in MACC1-AS1 
modulation cell function, we transfected siRNA-PAX8 
into MACC1-AS1-overexpressing SMMC7721 cells. 
We demonstrated that the expression of PAX8 was 
downregulated in SMMC7721 cells after transfection 
with si-PAX8, as determined by qRT-PCR (Figure 7A). 
In addition, we found that PAX8 levels were decreased 

 

 
 

Figure 4. Elevated MACC1-AS1 expression promoted HCC cell epithelial-mesenchymal transition and invasion. (A) Ectopic 
MACC1-AS1 expression promoted vimentin, N-cadherin and snail expression and inhibited E-cadherin expression in SMMC7721 cell. (B) The 
mRNA expression of vimentin, N-cadherin, snail and E-cadherin was detected by qRT-PCR. (C) MACC1-AS1 overexpression induced the cell 
invasion in SMMC7721 cell. (D) The relative number of invasive cells is shown. (E) MACC1-AS1 overexpression induced the cell invasion in 
MHCC-97H cell. (F) The relative number of invasive cells is shown. ***p<0.001. 
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Figure 5. MACC1-AS1 overexpression enhanced PAX8 expression in HCC cells. (A) Overexpression of MACC1-AS1 enhanced PAX8 
expression in SMMC7721 cell, as determined by qRT-PCR. (B) Elevated expression of MACC1-AS1 promoted the PAX8 expression in 
SMMC7721 cell, as determined by western blotting. 
 

 
 

Figure 6. PAX8 expression was upregulated in HCC tissues. (A) PAX8 expression was higher in HCC tissues than in nontumor tissues. 
(B) Compared to adjacent normal samples, 75% (30 of 40) of HCC samples showed overexpression of PAX8. (C) PAX8 was overexpressed in 
four HCC cell lines (QGY-7703, SMMC7721, MHCC-97H and HepG2) compared to the hepatocyte cell line (HL-7702). (D) PAX8 expression was 
positively correlated with MACC1-AS1 expression in HCC samples. ***p<0.001. 
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in SMMC7721 cells after transfection with si-PAX8 by 
using western blotting (Figure 7B). Knockdown of 
PAX8 suppressed cell proliferation in MACC1-AS1-
overexpressing SMMC7721 cells (Figure 7C). Inhibited 
expression of PAX8 decreased cyclin D1 expression  
in MACC1-AS1-overexpressing SMMC7721 cells 
(Figure 7D). Knockdown of PAX8 expression inhibited 
vimentin, N-cadherin and snail expression and promoted 
E-cadherin expression in MACC1-AS1-overexpressing 
SMMC7721 cells (Figure 7E). Knockdown of PAX8 
decreased the invasion of MACC1-AS1-overexpressing 
SMMC7721 cells (Figure 7F). 
 
DISCUSSION 
 
In this study, MACC1-AS1 was overexpressed in HCC 
cells and tissues. The MACC1-AS1 level was 
dramatically increased in HCC samples compared to 
adjacent normal samples, and 77.5% (31 of 40) of HCC 
samples showed overexpression of MACC1-AS1. 
Ectopic expression of MACC1-AS1 promoted cell pro-
liferation and cyclin D1 expression in both SMMC7721 
and MHCC-97H cells. Ectopic expression of MACC1-
AS1 promoted vimentin, N-cadherin and snail expression 
and inhibited E-cadherin expression in both SMMC7721 
and MHCC-97H cells. MACC1-AS1 overexpression 

induced cell invasion in both SMMC7721 and MHCC-
97H cells. Furthermore, MACC1-AS1 overexpression 
enhanced PAX8 expression in HCC cells. The PAX8 
level was dramatically increased in HCC samples 
compared to adjacent normal samples, and 75% (30 of 
40) of HCC samples showed overexpression of PAX8. 
PAX8 expression was positively correlated with 
MACC1-AS1 expression in HCC samples. MACC1-AS1 
overexpression promoted HCC cell proliferation, EMT 
and invasion through regulating PAX8. 
 
Extensive research has indicated that lncRNA MACC1-
AS1 plays critical roles in the development of tumors 
such as pancreatic carcinoma and gastric cancer [32–34]. 
Qi et al [32]. showed that MACC1-AS1 was over-
expressed in pancreatic carcinoma tissues and that 
knockdown of MACC1-AS1 inhibited pancreatic 
carcinoma cell proliferation and metastasis. He and his 
colleagues indicated that MSCs secrete TGF-β1 and 
induce the expression of MACC1-AS1 in gastric tumor 
cells, which promotes fatty acid oxidation-dependent 
chemoresistance and stemness by antagonizing miR-
145-5p expression [33]. Zhao et al [34]. demonstrated 
that MACC1-AS1 expression was upregulated in gastric 
cancer tissues and that overexpression of MACC1-AS1 
induced gastric cancer cell growth and suppressed cell 

 

 
 

Figure 7. MACC1-AS1 overexpression promoted HCC cell proliferation, EMT and invasion through regulating PAX8. (A) The 
expression of PAX8 was detected in SMMC7721 cell by using qRT-PCR assay. (B) The protein expression of PAX8 was analyzed by using 
western blotting. (C) Knockdown expression of PAX8 suppressed cell proliferation in MACC1-AS1-overexpressing SMMC7721 cells.  
(D) Inhibition of PAX8 expression decreased cyclin D1 expression in MACC1-AS1-overexpressing SMMC7721 cells. (E) Knockdown PAX8 
expression inhibited vimentin, N-cadherin and snail expression and promoted E-cadherin expression in MACC1-AS1-overexpressing 
SMMC7721 cell. (F) Knockdown expression of PAX8 decreased cell invasion MACC1-AS1-overexpressing SMMC7721 cell. The relative invasive 
cells were shown in the right. *p<0.05, **p<0.01 and ***p<0.001. 
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apoptosis partly via regulating AMPK/Lin28. However, 
the role and function of MACC1-AS1 in HCC develop-
ment remain unknown. Therefore, we first detected 
MACC1-AS1 expression in HCC cells. We showed that 
MACC1-AS1 was overexpressed in four HCC cell lines 
(QGY-7703, SMMC7721, MHCC-97H and HepG2) 
compared to the hepatocyte cell line (HL-7702). We 
analyzed MACC1-AS1 expression in 40 paired HCC 
and adjacent normal samples. The MACC1-AS1 level 
was dramatically increased in HCC samples compared to 
adjacent normal samples, and 77.5% (31 of 40) of HCC 
samples showed overexpression of MACC1-AS1. 
Ectopic expression of MACC1-AS1 promoted cell 
proliferation and cyclin D1 expression in both 
SMMC7721 and MHCC-97H cells. Ectopic expression 
of MACC1-AS1 promoted vimentin, N-cadherin and 
snail expression and inhibited E-cadherin expression in 
both SMMC7721 and MHCC-97H cells. MACC1-AS1 
overexpression induced cell invasion in both 
SMMC7721 and MHCC-97H cells. 
 
Increasing evidence indicates that PAX8 plays important 
roles in tumor development [35–37]. For example, Bie et 
al [36]. showed that PAX8 was overexpressed in gastric 
tumors, and knockdown of PAX8 inhibited cell cycle 
progression, colony formation and proliferation. 
Ghannam-Shahbari et al. indicated that PAX8 played an 
antiapoptotic and pro-proliferative role in high-grade 
serous carcinoma. Chai et al. [38] demonstrated that 
PAX8 was overexpressed in ovarian cancer and that high 
expression of PAX8 was correlated with FIGO stage, 
survival rate and cell differentiation degree. Furthermore, 
Wang et al. demonstrated that silenced expression of 
PAX8 suppressed hepatoma cell clonogenicity and 
proliferation and growth in vivo [39]. However, the 
expression of PAX8 in HCC tissues remains unknown. In 
this study, we showed that the PAX8 level was 
dramatically increased in HCC samples compared to 
adjacent normal samples, and 75% (30 of 40) of HCC 
samples showed overexpression of PAX8. PAX8 was 
overexpressed in four HCC cell lines (QGY-7703, 
SMMC7721, MHCC-97H and HepG2) compared to the 
hepatocyte cell line (HL-7702). In addition, MACC1-
AS1 overexpression enhanced PAX8 expression in HCC 
cells. PAX8 expression was positively correlated with 
MACC1-AS1 expression in HCC samples. Furthermore, 
we indicated that MACC1-AS1 overexpression promoted 
HCC cell proliferation, EMT and invasion by regulating 
PAX8. 
 
In conclusion, we showed that the MACC1-AS1 level is 
upregulated in HCC cell lines and tissues. MACC1-AS1 
overexpression promoted HCC cell proliferation, EMT 
and invasion through regulating PAX8. These results 
suggest that MACC1-AS1 acts as an oncogene in the 
development of HCC. 

MATERIALS AND METHODS 
 
Tissues 
 
Our research was performed with written consent from 
each patient. This study followed the Declaration of 
Helsinki and was approved by Ruijin Hospital, Shanghai 
Jiao Tong University School of Medicine. Forty pairs of 
HCC tissues and adjacent normal tissues were collected 
from Ruijin Hospital, Shanghai Jiao Tong University 
School of Medicine. These tissues were stored in liquid 
nitrogen until use. 
 
Cell culture and transfection 
 
Four HCC cell lines (QGY-7703, SMMC7721, MHCC-
97H and HepG2) and a hepatocyte cell line (HL-7702) 
were obtained from ATCC. Cell lines were kept in 
DMEM supplemented with FBS and antibiotic. siRNA-
control, siRNA-PAX8 and pcDNA-MACC1-AS1 and 
pcDNA-control were obtained from Genepharma and 
then transfected into HCC cells by using Lipofectamine 
3000 according to the manufacturer’s instructions. 
 
RNA extraction and real-time quantitative PCR 
(qRT-PCR) 
 
RNA was extracted from cells and tissues by using 
TRIzol (Invitrogen, CA, USA). The mRNA expression 
was quantified by performing a qRT-PCR assay on the 
iQ5 PCR System (Bio-Rad, USA) using SYBR Green. 
GAPDH was used as a normalization control. Data were 
analyzed by the 2-ΔΔCt method. 
 
Cell growth and invasion assays 
 
Cell growth was evaluated using CCK-8 (Dojindo, 
Japan) following the manufacturer’s instructions. Cells 
were cultured in 96 well plates and detected 0, 24, 48 
and 72 hours after transfection. The optical absorbance 
was read at 450 nm. Cell invasion was evaluated in a 
transwell chamber. Cells were plated in the upper 
compartment with serum-free medium, and FBS was 
added to the lower chamber. After 48 hours, the cells 
were fixed, stained and then counted. 
 
Western blotting 
 
Total sample or cellular protein was extracted by using 
lysis buffer, and the concentration of protein was 
measured by using a BCA kit (Pierce, Rockford, IL). 
Total protein was separated by 10% SDS-PAGE and 
transferred to the nitrocellulose membrane. After 
incubating in 5% nonfat milk, the membrane was probed 
with primary antibodies (anti-PAX8 and anti-GAPDH) at 
4°C overnight. The membrane was washed three times in 
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TBST and then probed with horseradish peroxidase-
conjugated secondary antibody. The protein signal was 
determined with an enhanced chemiluminescent reagent 
(Millipore, USA). 
 
Statistical analysis 
 
SPSS version 18 (Chicago, USA) was applied to 
statically analyze the data. Data are indicated as the 
mean ± SD. Differences between these groups were 
detected using Student’s t-test. A P value < 0.05 was 
deemed statistically significant. 
 
CONFLICTS OF INTEREST 
 
The authors declare that they have no conflicts of 
interest. 
 
FUNDING 
 
This study was supported by the National Natural 
Science Foundation of China (81972295) and the 
Subject of Biological Medicine of Science and 
Technology Commission of Shanghai Municipality 
(15411950404). 
 
REFERENCES 
 
1. Chen L, Yao H, Wang K, Liu X. Long Non-Coding RNA 

MALAT1 Regulates ZEB1 Expression by Sponging miR-
143-3p and Promotes Hepatocellular Carcinoma 
Progression. J Cell Biochem. 2017; 118:4836–43. 

 https://doi.org/10.1002/jcb.26158  
PMID:28543721  

2. He JH, Han ZP, Liu JM, Zhou JB, Zou MX, Lv YB, Li YG, 
Cao MR. Overexpression of Long Non-Coding RNA 
MEG3 Inhibits Proliferation of Hepatocellular 
Carcinoma Huh7 Cells via Negative Modulation of 
miRNA-664. J Cell Biochem. 2017; 118:3713–21. 

 https://doi.org/10.1002/jcb.26018  
PMID:28374914  

3. Li Y, Ye Y, Feng B, Qi Y. Long Noncoding RNA lncARSR 
Promotes Doxorubicin Resistance in Hepatocellular 
Carcinoma via Modulating PTEN-PI3K/Akt Pathway. J 
Cell Biochem. 2017; 118:4498–507. 

 https://doi.org/10.1002/jcb.26107 PMID:28464252  

4. Zhang Y, Dang YW, Wang X, Yang X, Zhang R, Lv ZL, 
Chen G. Comprehensive analysis of long non-coding 
RNA PVT1 gene interaction regulatory network in 
hepatocellular carcinoma using gene microarray and 
bioinformatics. Am J Transl Res. 2017; 9:3904–17. 

 PMID:28979669  

5. Yang YM, Lee WH, Lee CG, An J, Kim ES, Kim SH, Lee SK, 
Lee CH, Dhanasekaran DN, Moon A, Hwang S, Lee SJ, 

Park JW, Kim KM, Kim SG. Gα12 gep oncogene 
deregulation of p53-responsive microRNAs promotes 
epithelial-mesenchymal transition of hepatocellular 
carcinoma. Oncogene. 2015; 34:2910–21. 

 https://doi.org/10.1038/onc.2014.218  
PMID:25065598 

6. Wong CC, Tse AP, Huang YP, Zhu YT, Chiu DK, Lai RK, 
Au SL, Kai AK, Lee JM, Wei LL, Tsang FH, Lo RC,  
Shi J, et al. Lysyl oxidase-like 2 is critical to tumor 
microenvironment and metastatic niche formation in 
hepatocellular carcinoma. Hepatology. 2014; 
60:1645–58. 

 https://doi.org/10.1002/hep.27320  
PMID:25048396  

7. Wang SC, Lin XL, Li J, Zhang TT, Wang HY, Shi JW, Yang 
S, Zhao WT, Xie RY, Wei F, Qin YJ, Chen L, Yang J, et al. 
MicroRNA-122 triggers mesenchymal-epithelial 
transition and suppresses hepatocellular carcinoma 
cell motility and invasion by targeting RhoA. PLoS One. 
2014; 9:e101330. 

 https://doi.org/10.1371/journal.pone.0101330 
PMID:24992599  

8. Vaira V, Roncalli M, Carnaghi C, Faversani A, Maggioni 
M, Augello C, Rimassa L, Pressiani T, Spagnuolo G, Di 
Tommaso L, Fagiuoli S, Rota Caremoli E, Barberis M,  
et al. MicroRNA-425-3p predicts response to sorafenib 
therapy in patients with hepatocellular carcinoma. 
Liver Int. 2015; 35:1077–86. 

 https://doi.org/10.1111/liv.12636  
PMID:25040368 

9. Shen Q, Bae HJ, Eun JW, Kim HS, Park SJ, Shin WC, Lee 
EK, Park S, Park WS, Lee JY, Nam SW. MiR-101 
functions as a tumor suppressor by directly targeting 
nemo-like kinase in liver cancer. Cancer Lett. 2014; 
344:204–11. 

 https://doi.org/10.1016/j.canlet.2013.10.030 
PMID:24189458  

10. Saito Y, Hibino S, Saito H. Alterations of epigenetics and 
microRNA in hepatocellular carcinoma. Hepatol Res. 
2014; 44:31–42. 

 https://doi.org/10.1111/hepr.12147  
PMID:23617364 

11. Miao HL, Lei CJ, Qiu ZD, Liu ZK, Li R, Bao ST, Li MY. 
MicroRNA-520c-3p inhibits hepatocellular carcinoma 
cell proliferation and invasion through induction of cell 
apoptosis by targeting glypican-3. Hepatol Res. 2014; 
44:338–48. 

 https://doi.org/10.1111/hepr.12121  
PMID:23607462 

12. Yu L, Ding GF, He C, Sun L, Jiang Y, Zhu L. MicroRNA-
424 is down-regulated in hepatocellular carcinoma and 
suppresses cell migration and invasion through c-Myb. 
PLoS One. 2014; 9:e91661. 

https://doi.org/10.1002/jcb.26158
https://www.ncbi.nlm.nih.gov/pubmed/28543721
https://doi.org/10.1002/jcb.26018
https://www.ncbi.nlm.nih.gov/pubmed/28374914
https://doi.org/10.1002/jcb.26107
https://www.ncbi.nlm.nih.gov/pubmed/28464252
https://www.ncbi.nlm.nih.gov/pubmed/28979669
https://doi.org/10.1038/onc.2014.218
https://www.ncbi.nlm.nih.gov/pubmed/25065598
https://doi.org/10.1002/hep.27320
https://www.ncbi.nlm.nih.gov/pubmed/25048396
https://doi.org/10.1371/journal.pone.0101330
https://www.ncbi.nlm.nih.gov/pubmed/24992599
https://doi.org/10.1111/liv.12636
https://www.ncbi.nlm.nih.gov/pubmed/25040368
https://doi.org/10.1016/j.canlet.2013.10.030
https://www.ncbi.nlm.nih.gov/pubmed/24189458
https://doi.org/10.1111/hepr.12147
https://www.ncbi.nlm.nih.gov/pubmed/23617364
https://doi.org/10.1111/hepr.12121
https://www.ncbi.nlm.nih.gov/pubmed/23607462


www.aging-us.com 78 AGING 

 https://doi.org/10.1371/journal.pone.0091661 
PMID:24675898  

13. Li QJ, Zhou L, Yang F, Wang GX, Zheng H, Wang DS, He 
Y, Dou KF. MicroRNA-10b promotes migration and 
invasion through CADM1 in human hepatocellular 
carcinoma cells. Tumour Biol. 2012; 33:1455–65. 

 https://doi.org/10.1007/s13277-012-0396-1 
PMID:22528944  

14. Yang X, Yu J, Yin J, Xiang Q, Tang H, Lei X. MiR-195 
regulates cell apoptosis of human hepatocellular 
carcinoma cells by targeting LATS2. Pharmazie. 2012; 
67:645–51. 

 PMID:22888524  

15. Yu L, Gong X, Sun L, Yao H, Lu B, Zhu L. miR-454 
functions as an oncogene by inhibiting CHD5  
in hepatocellular carcinoma. Oncotarget. 2015; 
6:39225–34. 

 https://doi.org/10.18632/oncotarget.4407 
PMID:26287602  

16. Yu L, Zhang J, Guo X, Li Z, Zhang P. MicroRNA-224 
upregulation and AKT activation synergistically predict 
poor prognosis in patients with hepatocellular 
carcinoma. Cancer Epidemiol. 2014; 38:408–13. 

 https://doi.org/10.1016/j.canep.2014.05.001 
PMID:24923856  

17. Yu L, Zhou L, Cheng Y, Sun L, Fan J, Liang J, Guo M, Liu 
N, Zhu L. MicroRNA-543 acts as an oncogene by 
targeting PAQR3 in hepatocellular carcinoma. Am J 
Cancer Res. 2014; 4:897–906. 

 PMID:25520877  

18. Zhang JP, Zeng C, Xu L, Gong J, Fang JH, Zhuang SM. 
MicroRNA-148a suppresses the epithelial-
mesenchymal transition and metastasis of hepatoma 
cells by targeting Met/Snail signaling. Oncogene. 2014; 
33:4069–76. 

 https://doi.org/10.1038/onc.2013.369  
PMID:24013226  

19. Li Z, Li X, Chen C, Li S, Shen J, Tse G, Chan MT, Wu WK. 
Long non-coding RNAs in nucleus pulposus cell 
function and intervertebral disc degeneration. Cell 
Prolif. 2018; 51:e12483. 

 https://doi.org/10.1111/cpr.12483 PMID:30039593  

20. Li Z, Li X, Chen X, Li S, Ho IH, Liu X, Chan MT, Wu WK. 
Emerging roles of long non-coding RNAs in neuropathic 
pain. Cell Prolif. 2019; 52:e12528. 

 https://doi.org/10.1111/cpr.12528  
PMID:30362191  

21. Fu X, Zhang L, Dan L, Wang K, Xu Y. LncRNA EWSAT1 
promotes ovarian cancer progression through 
targeting miR-330-5p expression. Am J Transl Res. 
2017; 9:4094–103. 

 PMID:28979684  

22. Yang C, Wu K, Wang S, Wei G. Long non-coding RNA 
XIST promotes osteosarcoma progression by 
targeting YAP via miR-195-5p. J Cell Biochem. 2018; 
119:5646–56. 

 https://doi.org/10.1002/jcb.26743 PMID:29384226  

23. Chen J, Zhang F, Wang J, Hu L, Chen J, Xu G, Wang Y. 
LncRNA LINC01512 Promotes the Progression and 
Enhances Oncogenic Ability of Lung Adenocarcinoma. J 
Cell Biochem. 2017; 118:3102–10. 

 https://doi.org/10.1002/jcb.26178 PMID:28569418  

24. Li Z, Yu X, Shen J. Long non-coding RNAs: emerging 
players in osteosarcoma. Tumour Biol. 2016; 
37:2811–16. 

 https://doi.org/10.1007/s13277-015-4749-4 
PMID:26718212  

25. Yu X, Li Z. Long non-coding RNA growth arrest-specific 
transcript 5 in tumor biology. Oncol Lett. 2015; 
10:1953–58. 

 https://doi.org/10.3892/ol.2015.3553  
PMID:26622780  

26. Zhao J, Zhang C, Gao Z, Wu H, Gu R, Jiang R. Long non-
coding RNA ASBEL promotes osteosarcoma cell 
proliferation, migration, and invasion by regulating 
microRNA-21. J Cell Biochem. 2018; 119:6461–69. 

 https://doi.org/10.1002/jcb.26671 PMID:29323740  

27. Zhou DD, Liu XF, Lu CW, Pant OP, Liu XD. Long non-
coding RNA PVT1: emerging biomarker in digestive 
system cancer. Cell Prolif. 2017; 50:e12398. 

 https://doi.org/10.1111/cpr.12398  
PMID:29027279  

28. Zhang LM, Wang P, Liu XM, Zhang YJ. LncRNA 
SUMO1P3 drives colon cancer growth, metastasis and 
angiogenesis. Am J Transl Res. 2017; 9:5461–72. 

 PMID:29312498  

29. Wu Z, He Y, Li D, Fang X, Shang T, Zhang H, Zheng X. 
Long noncoding RNA MEG3 suppressed endothelial cell 
proliferation and migration through regulating miR-21. 
Am J Transl Res. 2017; 9:3326–35. 

 PMID:28804550  

30. Huang JK, Ma L, Song WH, Lu BY, Huang YB, Dong HM, 
Ma XK, Zhu ZZ, Zhou R. LncRNA-MALAT1 Promotes 
Angiogenesis of Thyroid Cancer by Modulating Tumor-
Associated Macrophage FGF2 Protein Secretion. J Cell 
Biochem. 2017; 118:4821–30. 

 https://doi.org/10.1002/jcb.26153  
PMID:28543663  

31. Liao Y, Shen L, Zhao H, Liu Q, Fu J, Guo Y, Peng R, 
Cheng L. LncRNA CASC2 Interacts With miR-181a to 
Modulate Glioma Growth and Resistance to TMZ 
Through PTEN Pathway. J Cell Biochem. 2017; 
118:1889–99. 

 https://doi.org/10.1002/jcb.25910 PMID:28121023  

https://doi.org/10.1371/journal.pone.0091661
https://www.ncbi.nlm.nih.gov/pubmed/24675898
https://doi.org/10.1007/s13277-012-0396-1
https://www.ncbi.nlm.nih.gov/pubmed/22528944
https://www.ncbi.nlm.nih.gov/pubmed/22888524
https://doi.org/10.18632/oncotarget.4407
https://www.ncbi.nlm.nih.gov/pubmed/26287602
https://doi.org/10.1016/j.canep.2014.05.001
https://www.ncbi.nlm.nih.gov/pubmed/24923856
https://www.ncbi.nlm.nih.gov/pubmed/25520877
https://doi.org/10.1038/onc.2013.369
https://www.ncbi.nlm.nih.gov/pubmed/24013226
https://doi.org/10.1111/cpr.12483
https://www.ncbi.nlm.nih.gov/pubmed/30039593
https://doi.org/10.1111/cpr.12528
https://www.ncbi.nlm.nih.gov/pubmed/30362191
https://www.ncbi.nlm.nih.gov/pubmed/28979684
https://doi.org/10.1002/jcb.26743
https://www.ncbi.nlm.nih.gov/pubmed/29384226
https://doi.org/10.1002/jcb.26178
https://www.ncbi.nlm.nih.gov/pubmed/28569418
https://doi.org/10.1007/s13277-015-4749-4
https://www.ncbi.nlm.nih.gov/pubmed/26718212
https://doi.org/10.3892/ol.2015.3553
https://www.ncbi.nlm.nih.gov/pubmed/26622780
https://doi.org/10.1002/jcb.26671
https://www.ncbi.nlm.nih.gov/pubmed/29323740
https://doi.org/10.1111/cpr.12398
https://www.ncbi.nlm.nih.gov/pubmed/29027279
https://www.ncbi.nlm.nih.gov/pubmed/29312498
https://www.ncbi.nlm.nih.gov/pubmed/28804550
https://doi.org/10.1002/jcb.26153
https://www.ncbi.nlm.nih.gov/pubmed/28543663
https://doi.org/10.1002/jcb.25910
https://www.ncbi.nlm.nih.gov/pubmed/28121023


www.aging-us.com 79 AGING 

32. Qi C, Xiaofeng C, Dongen L, Liang Y, Liping X, Yue H, 
Jianshuai J. Long non-coding RNA MACC1-AS1 
promoted pancreatic carcinoma progression through 
activation of PAX8/NOTCH1 signaling pathway. J Exp 
Clin Cancer Res. 2019; 38:344. 

 https://doi.org/10.1186/s13046-019-1332-7 
PMID:31391063 

33. He W, Liang B, Wang C, Li S, Zhao Y, Huang Q, Liu Z, Yao 
Z, Wu Q, Liao W, Zhang S, Liu Y, Xiang Y, et al. MSC-
regulated lncRNA MACC1-AS1 promotes stemness and 
chemoresistance through fatty acid oxidation in gastric 
cancer. Oncogene. 2019; 38:4637–54. 

 https://doi.org/10.1038/s41388-019-0747-0 
PMID:30742067  

34. Zhao Y, Liu Y, Lin L, Huang Q, He W, Zhang S, Dong S, 
Wen Z, Rao J, Liao W, Shi M. The lncRNA MACC1-AS1 
promotes gastric cancer cell metabolic plasticity via 
AMPK/Lin28 mediated mRNA stability of MACC1. Mol 
Cancer. 2018; 17:69. 

 https://doi.org/10.1186/s12943-018-0820-2 
PMID:29510730  

35. Bleu M, Gaulis S, Lopes R, Sprouffske K, Apfel V, 
Holwerda S, Pregnolato M, Yildiz U, Cordoʹ V, Dost AF, 
Knehr J, Carbone W, Lohmann F, et al. PAX8 activates 
metabolic genes via enhancer elements in Renal Cell 
Carcinoma. Nat Commun. 2019; 10:3739. 

 https://doi.org/10.1038/s41467-019-11672-1 
PMID:31431624  

36. Bie LY, Li D, Wei Y, Li N, Chen XB, Luo SX. SOX13 
dependent PAX8 expression promotes the 
proliferation of gastric carcinoma cells. Artif Cells 
Nanomed Biotechnol. 2019; 47:3180–87. 

 https://doi.org/10.1080/21691401.2019.1646751 
PMID:31353958  

37. Hardy LR, Pergande MR, Esparza K, Heath KN, Önyüksel 
H, Cologna SM, Burdette JE. Proteomic analysis reveals 
a role for PAX8 in peritoneal colonization of high grade 
serous ovarian cancer that can be targeted with 
micelle encapsulated thiostrepton. Oncogene. 2019; 
38:6003–16. 

 https://doi.org/10.1038/s41388-019-0842-2 
PMID:31296958  

38. Chai HJ, Ren Q, Fan Q, Ye L, Du GY, Du HW, Xu W, Li Y, 
Zhang L, Cheng ZP. PAX8 is a potential marker for the 
diagnosis of primary epithelial ovarian cancer. Oncol 
Lett. 2017; 14:5871–75. 

 https://doi.org/10.3892/ol.2017.6949  
PMID:29113220  

39. Wang J, Li N, Huang ZB, Fu S, Yu SM, Fu YM, Zhou PC, 
Chen RC, Zhou RR, Huang Y, Hu XW, Fan XG. HBx 
regulates transcription factor PAX8 stabilization to 
promote the progression of hepatocellular carcinoma. 
Oncogene. 2019; 38:6696–6710. 

 https://doi.org/10.1038/s41388-019-0907-2 
PMID:31391550 

https://doi.org/10.1186/s13046-019-1332-7
https://www.ncbi.nlm.nih.gov/pubmed/31391063
https://doi.org/10.1038/s41388-019-0747-0
https://www.ncbi.nlm.nih.gov/pubmed/30742067
https://doi.org/10.1186/s12943-018-0820-2
https://www.ncbi.nlm.nih.gov/pubmed/29510730
https://doi.org/10.1038/s41467-019-11672-1
https://www.ncbi.nlm.nih.gov/pubmed/31431624
https://doi.org/10.1080/21691401.2019.1646751
https://www.ncbi.nlm.nih.gov/pubmed/31353958
https://doi.org/10.1038/s41388-019-0842-2
https://www.ncbi.nlm.nih.gov/pubmed/31296958
https://doi.org/10.3892/ol.2017.6949
https://www.ncbi.nlm.nih.gov/pubmed/29113220
https://doi.org/10.1038/s41388-019-0907-2
https://www.ncbi.nlm.nih.gov/pubmed/31391550

