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	 Background:	 We explored the role of MACC1-AS1 in hepatocellular carcinoma (HCC).
	 Material/Methods:	 Measurement of preoperative plasma levels of MACC1-AS1 was performed by qPCR, and the comparison be-

tween the HCC and Control group was performed by unpaired t test. The overexpression of TGF-b1 in SNU-182 
and SNU-398 cells was confirmed by qPCR.

	 Results:	 MACC1-AS1 was overexpressed in HCC patients. In comparison to pretreatment level, distant recurrence (DR) 
was accompanied by increased levels of MACC1-AS1 in plasma, but this phenomenon was not observed in cas-
es of local recurrence (LR) or non-recurrence (NR). In HCC cells, MACC1-AS1 positively regulated the expression 
of TGF-b1. MACC1-AS1 overexpression resulted in increased invasion and migration rates of HCC cells, while 
siRNA silencing resulted in reduced rates. Moreover, TGF-b1 overexpression reduced the effects of MACC1-AS1 
siRNA silencing.

	 Conclusions:	 MACC1-AS1 is involved in the distant recurrence of HCC, and its actions are possibly mediated by TGF-b1.
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Background

According to the latest GLOBOCAN statistics, there were 
841 080 new cases (4.7% of all cases) of liver cancer, causing 
781 631 deaths (8.2% of all cancer deaths) [1]. No decreasing 
trend was observed in liver cancer [2,3] and almost all HCC pa-
tients will eventually die of this disease. Hepatocellular carci-
noma (HCC) accounts for most cases of liver cancer [4]. Clinical 
treatment of HCC is challenged by the high prevalence of can-
cer metastasis by the time of initial diagnosis [5]. HCC at ear-
ly stages may be treated with resection of the primary tumor, 
but recurrence is common and survival is poor [6,7].

TGF-b signaling plays essential roles in cancer metastasis, main-
ly by inducing epithelial-to-mesenchymal transition (EMT) [8]. 
Therefore, inactivation of TGF-b signaling is a promising thera-
peutic approach for cancer treatment [9,10]. In effect, specific 
miRNAs, such as miR-663, target TGF-b1 to play tumor-suppres-
sive roles [11]. Long (>200 nt) non-coding RNAs (lncRNAs) may 
sponge miRNAs and inhibit their functions [12]. MACC1-AS1 is 
an oncogenic lncRNA in gastric cancer [13,14]. Our study ob-
served that MACC1-AS1 can bind miR-663. We therefore inves-
tigated the interactions between MACC1-AS1 and miR-663 in 
HCC and explored the effects on TGF-b1 expression.

Material and Methods

HCC patients

This study was approved by the review board of the Ethics 
Committee of Qingdao Sixth People’s Hospital of Shandong 
Province. This study enrolled 80 HCC patients (47 males and 33 
females; 37 to 67 years, 51.6±6.6 years) from among the 227 
HCC cases admitted to the Qingdao Sixth People’s Hospital of 
Shandong Province from April 2011 to April 2014. Inclusion cri-
teria: 1) new cases of HCC; 2) stage I and II cases suitable for 
surgical resection. Exclusion criteria: 1) recurrent cases; 2) ther-
apies were initiated; 3) multiple clinical disorders were diag-
nosed. We also enrolled 80 healthy volunteers (47 males and 
33 females; 36 to 66 years, 51.3±6.4 years) from among visi-
tors to the physiological healthy center of the hospital. All par-
ticipants were informed of the details of experimental design 
and potential publication of the data. All participants (80 HCC 
patients and 80 healthy volunteers) signed informed consent.

Treatment, follow-up and plasma samples

All patients received surgical resection of the primary tumor. 
According to patients’ conditions, chemotherapy and radio-
therapy were also performed. From the day of admission (be-
fore therapies), all patients were monitored for 5 years to re-
cord disease recurrence. Blood was extracted at 4 timepoints: 

1) on the day of admission (both patients and healthy volun-
teers); 2) 3 months after surgical resection (only patients); 
3) diagnosis of recurrence; 4) end of follow-up, if recurrence 
did not occur (only patients). Blood samples were centrifuged 
in EDTA tubes for 15 min at 1200 g to separate plasma.

Cells and transfections

SNU-182 and SNU-398 human HCC cell lines (ATCC, USA) were 
used. FBS was mixed with RPMI 1640 medium with a ratio of 
1: 9 to prepare cell culture medium. Cells were cultivated at 
37°C. PcDNA 3.1 vectors expressing MACC1-AS1 or TGF-b1, as 
well as negative control (NC) siRNA and MACC1-AS1 siRNA, 
were from Sangon (Shanghai, China). Cells were harvested at 
70–80% confluence. Cells were counted, and lipofectamine 
2000 (Invitrogen, USA) was used to transfect vectors (10 mM, 
the NC group was empty vector) or siRNAs (45 nM, the NC 
group was NC siRNA) into 2×106 cells. In all transfections, con-
trol (C) cells were untransfected cells. Cells were collected 24 h 
later for subsequent studies.

ELISA

Levels of TGF-b1 in cell culture medium were measured by per-
forming ELISA at 24 h after transfection. We used the Human 
TGF-b1 Quantikine ELISA Kit (DB100B, R&D Systems). Levels 
of TGF-b1 are expressed as ng/ml.

RNA extractions and qPCR

Total RNAs in 0.3 ml of each sample and 3×104 cells of each 
transfection group were isolated using Trizol reagent (Invitrogen, 
USA). DNase I was used to treat RNA samples for 80 min at 37°C 
to remove genomic DNA. Tetro Reverse Transcriptase (Bioline) 
was used to perform all transfections. Power SYBR® Green 
PCR Master Mix (Applied Biosystems) was used to carry out 
all qPCR assays. With GAPDH as endogenous control, expres-
sion levels of MACC1-AS1 or TGF-b1 mRNA were measured. 
All qPCR reactions were performed in 3 replicates. The 2–DDCT 
method was used to normalize gene expression levels. Primer 
sequences used in qPCR are listed in Table 1.

Protein extractions and Western blot

Total proteins in 3×104 cells of each transfection group were iso-
lated by RIPA solution (Sangon). BCA assay (Sangon) was per-
formed to quantify protein samples. After proteins were dena-
tured at 95°C for 10 min, proteins were separated by performing 
electrophoresis (12% SDS-PAGE gel). PVDF membrane was used 
to transfer proteins and 5% non-fat milk (PBS) was used for block-
ing. After that, membranes were first incubated with anti-GAPDH 
(1: 1000, ab37168, Abcam) and anti-TGF-b1 (1: 1000, ab92486, 
Abcam) rabbit primary antibodies for 18 h at 4°C. Following that, 
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IgG-HRP (1: 1500, MBS435036, MyBioSource) goat secondary 
antibody was used to further incubation for 2 h at 24°C. Finally, 
ECL (Sigma-Aldrich, USA) was used for signal production and all 
data were normalized using Image J v1.48 software.

Transwell assays

Single-cell suspensions were prepared by mixing 3×104 cells of 
each transfection group (collected at 24 h after transfection) 
with 1 ml serum-free RPMI medium. Transwell assays were 
performed. Matrigel (356234, Millipore, USA)-coated and -un-
coated membranes were used for invasion and migration as-
says, respectively. Briefly, 3000 cells in 0.1 ml medium were 
transferred to the upper chamber, while medium containing 
20% FBS was used to fill the lower chamber. Cells were cul-
tivated under the aforementioned conditions for 12 h, fol-
lowed by crystal violet (0.5%, Sigma-Aldrich, USA) staining of 
the membranes in the dark for 20 min. Invading and migrat-
ing cells were counted under an optical microscope.

Statistical analysis

Data from 3 biological replicates were used to calculate means. 
The unpaired t test was used to compare 2 groups. ANOVA 

Tukey’s test was used to compare multiple groups. Exploration 
of the difference between pre- and postoperative levels was 
conducted by paired t test. The diagnostic analysis was evalu-
ated by ROC curve. P<0.05 was statistically significant.

Results

Upregulation of plasma MACC1-AS1 showed diagnostic 
potentials for HCC

Measurement of preoperative plasma levels of MACC1-AS1 
was performed by qPCR, and the comparison between HCC and 
Control group was performed by unpaired t test. Compared 
to the control group, significantly higher plasma levels of 
MACC1-AS1 were observed in the HCC group (Figure 1A, 
p<0.05). ROC curve analysis was performed to analyze the di-
agnostic potentials of plasma MACC1-AS1 for HCC. In the ROC 
curve, true-negative cases were healthy controls, and true-
positive cases were HCC patients. The area under the curve 
>0.65 indicates diagnostic potentials. As shown in Figure 1B, 
the AUC was 0.91 (95% confidence interval: 0.87–0.96; stan-
dard error: 0.022).

Genes Forward (5’-3) Reverse (5’-3)

MACC1AS1 GCCAGTCAGAAAATGAGGAA CCAGTTGGGTGAACAGGAC

TGF-b1 AAGAAGTCACCCGCGTGCTA TGTGTGATGTCTTTGGTTTTGTC

GAPDH CTGCACCACCAACTGCTTA CAGAGGTGCCATCCAGAGT

Table 1. Primers used for qPCR.
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Figure 1. �Upregulation of plasma MACC1-AS1 showed diagnostic potentials for HCC. Measurement of preoperative plasma levels of 
MACC1-AS1 was performed by qPCR and the comparison between HCC and Control group was performed by unpaired t test 
(A). ROC curve as calculated to analyze the diagnostic potentials of plasma MACC1-AS1 for HCC. In ROC curve, true-negative 
cases were healthy controls and true-positive cases were HCC patients (B). Mean values of 3 replicates are presented, 
* p<0.05.
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Plasma MACC1-AS1 levels decreased in HCC patients after 
surgery

Measurement of postoperative plasma levels of MACC1-AS1 
was also performed by qPCR and the comparisons between 
pre- and postoperative levels were performed by paired t test. 
Compared to preoperative levels, significantly lower postop-
erative plasma levels of MACC1-AS1 were observed (Figure 2, 
p<0.05).
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Figure 2. �Plasma MACC1-AS1 levels decreased in HCC patients 
after surgery. Measurement of postoperative plasma 
levels of MACC1-AS1 was also performed by qPCR and 
the comparison between pre- and postoperative levels 
was performed by paired t test. Mean values of 3 
replicates are presented, * p<0.05.
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Figure 3. �Plasma MACC1-AS1 levels increased only in patients with distant recurrence (DR) during follow-up. During follow-up, DR, 
LR, DR+LR, and NR were observed in 18, 21, 12, and 29 cases, respectively. Measurement of plasma levels of MACC1-AS1 
during follow-up was also performed by qPCR. Compared to postoperative levels, significantly increased plasma levels of 
MACC1-AS1 were observed in the DR group (A) and DR+LR group (B), but not in the LR (C) and NR group (D). Mean values of 
3 replicates are presented, * p<0.05.
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Plasma MACC1-AS1 levels increased only in patients with 
distant recurrence (DR)

During follow-up, DR, local recurrence (LR), DR+LR, and non-
recurrence (NR) were observed in 18, 21, 12, and 29 cases, 
respectively. Measurement of plasma levels of MACC1-AS1 
during follow-up was also performed by qPCR. Compared 
to postoperative levels, significantly increased plasma lev-
els of MACC1-AS1 were observed in the DR group (Figure 3A, 
p<0.05) and DR+LR group (Figure 3B, p<0.05), but not in the 
LR (Figure 3C) and NR group (Figure 3D).

MACC1-AS1 positively regulated TGF-b1 in SNU-182 cells

Although MACC1-AS1 is a relatively short lncRNA (639 nt), 
RNA-RNA interaction performed using IntaRNA (http://rna.
informatik.uni-freiburg.de/IntaRNA/Input.jsp) showed that 
MACC1-AS1 can bind miR-663 (Figure 4A), which can target 
TGF-b1. SNU-182 cells were transfected with either MACC1-AS1 
expression vector or siRNA. Transfections were confirmed 
at 24 h after transfection (Figure 4B, p<0.05). In addition, 
increased and decreased expression levels of TGF-b1 were 
observed in HCC cells with MACC1-AS1 overexpression and 
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Figure 4. �MACC1-AS1 positively regulated TGF-b1 in SNU-182 cells. RNA-RNA interaction performed using IntaRNA (http://rna.
informatik.uni-freiburg.de/IntaRNA/Input.jsp) showed that MACC1-AS1 can bind miR-663 (A), which can target TGF-b1. 
MACC1-AS1 expression vector and siRNA were transfected into SNU-182 cells, and transfections were confirmed by 
RT-qPCR (B). The effects of MACC1-AS1 overexpression and siRNA silencing on the expression of TGF-b1 at mRNA and 
protein levels were analyzed by qPCR and Western blot, respectively (C). The effects of MACC1-AS1 overexpression and 
siRNA silencing on the secretion of TGF-b1 from SNU-182 cells were analyzed by ELISA (D). Mean values of 3 replicates were 
presented, * p<0.05.
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siRNA silencing, respectively (Figure 4C, p<0.05). Secretion of 
TGF-b1 from SNU-182 cells was analyzed by ELISA. Similarly, 
increased and decreased secretion of TGF-b1 were observed 
from HCC cells with MACC1-AS1 overexpression and siRNA si-
lencing, respectively (Figure 4D, p<0.05).

MACC1-AS1 positively regulated SNU-182 and SNU-398 
cell invasion and migration through TGF-b1

The overexpression of TGF-b1 in SNU-182 and SNU-398 cells 
was confirmed by qPCR (Supplementary Figure 1). Transwell 

assays were performed to analyze the effects of transfec-
tions on cell invasion (Figure 5A) and migration (Figure 5B) of 
SNU-182 cells. Compared to the NC and C groups, MACC1-AS1 
positively affected the invasion and migration rates of SNU-182 
cells. Moreover, TGF-b1 overexpression reduced the effects of 
MACC1-AS1 siRNA silencing (Figure 5, p<0.05). To further con-
firm the roles of MACC1-AS1 in HCC, the SNU-398 cell line was 
used to repeat Transwell assays. Similarly, compared to the 
NC and C groups, MACC1-AS1 overexpression increased inva-
sion and migration, while siRNA silencing resulted in the de-
creased invasion (Figure 6A) and migration (Figure 6B) rates 
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Figure 5. �MACC1-AS1 positively regulated SNU-182 cell invasion and migration through TGF-b1. Transwell assays were carried out to 
analyze cell invasion (A) and migration (B) of SNU-182 cells. Mean values of 3 replicates were presented, * p<0.05.

of SNU-398 cells. Moreover, TGF-b1 overexpression reduced 
the effects of MACC1-AS1 siRNA silencing (p<0.05).

Discussion

This study mainly investigated the involvement of MACC1-
AS1 in HCC. We found that levels of MACC1-AS1 in plasma 
increased in HCC and predicted the post-surgical recurrence 

of DR. We found that the actions of MACC1-AS1 in HCC can 
be mediated by the upregulation of TGF-b1.

Early diagnosis of cancer is always critical because no curative 
therapeutic approaches have been developed for cancers at 
advanced stages [15]. The expression pattern and functions of 
cellular MACC1-AS1 have only been investigated in gastric can-
cer [13,14]. It has been reported that MACC1-AS1 is upregulated 
in gastric cancer and regulates cancer cell metabolic plasticity 
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and stemness through interactions with AMPK/Lin28 signal-
ing [13,14]. This study is the first to show the upregulation of 
MACC1-AS1 in plasma of HCC patients. In addition, the increased 
levels of MACC1-AS1 distinguished early-stage (stage I and II) 
HCC patients from healthy controls, indicating the early diag-
nostic potentials of MACC1-AS1 for HCC. We measured plas-
ma levels of MACC1-AS1 because we aimed to test the predic-
tive values of MACC1-AS1 for HCC. Compared to liver tissues, 
plasma samples are easier to obtain because liver biopsy can-
not be performed in all patients. Nevertheless, more studies 
are needed to further evaluate the sensitivity and specificity.

Our study showed that MACC1-AS1 levels in plasma decreased 
after surgical resection. Therefore, HCC tumors may be the main 
source of MACC1-AS1 in blood. In addition, during follow-up, 
plasma levels of MACC1-AS1 only significantly increased in HCC 
patients with DR, indicating the involvement of MACC1-AS1 in 
DR. Activation of TGF-b signaling promotes tumor metastasis 
in many types of cancers, including HCC [16], and activation 
of TGF-b signaling has also been proven to participate in can-
cer recurrence [17]. In this study we showed that MACC1-AS1 
can positively regulate TGF-b1 expression to promote HCC cell 
invasion and migration, thereby promoting postoperative DR. 
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Figure 6. �MACC1-AS1 positively regulated SNU-398 cell invasion and migration through TGF-b1. Transwell assays were carried out to 
analyze cell invasion (A) and migration (B) of SNU-398 cells. Mean values of 3 replicates are presented, * p<0.05.

It is known that lncRNAs can sponge miRNAs to attenuate si-
lencing of their downstream genes [12], and that miR-663 
can directly target TGF-b1. We found that miR-663 can bind 
MACC1-AS1. Therefore, MACC1-AS1 may sponge miR-663 to 
upregulate TGF-b1. In effect, the role of lncRNAs as miRNA 
sponges has been reported in many types of cancers, includ-
ing HCC [18,19]. For instance, lncRNA H19 sponges multiple 
tumor-suppressive miRNAs in colorectal cancer to induce epi-
thelial-to-mesenchymal transition [18]. In HCC, lncRNA CCAT1 

sponges let-7 to promote cancer progression [19]. However, few 
studies have reported the function of an lncRNA that can up-
regulate TGF-bs by sponging miRNAs. Most studies focused on 
effector lncRNA downstream of TGF-b signaling [9,10]. Studies 
on lncRNA-miRNA interactions will open a new area for can-
cer research and clinical treatment.

It is worth noting that the binding of MACCA-AS1 and miR-663 
was inferred from an online RNA-RNA prediction program, which 
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lacks of experimental basis and needs to be confirmed by fur-
ther experiments. MACCA-AS1 is not liver-specific [13,14]. Our 
study only showed that altered level of MACC1-AS1 in plas-
ma can be used to predict HCC, and we failed to include non-
cancerous cells as negative control. Our future studies will try 
to have this control.

Conclusions

MACC1-AS1 was upregulated in HCC and can sponge miR-663 
to upregulate TGF-b1, thereby promoting cell invasion and mi-
gration and participating in postoperative DR.
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