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Abstract: Purpose: To explore the regulatory mechanism of secretory carrier membrane protein 3 (SCAMP3) and 
miR-128-3p in hepatocellular carcinoma (HCC). Patients and methods: Cancer tissues and adjacent tissues of 52 
HCC patients treated in our hospital were collected to explore the prognostic factors affecting their 3-year survival. 
HCC cells were purchased, the gene expression of Huh-7 and MHCC97 were adjusted by transfection, and the levels 
of SCAMP3, miR-128-3p, EGFR, p-EGFR, MAPK p38, p-MAPK p38, N-cadherin, vimentin, E-cadherin, cell prolife-
ration, migration, invasion, apoptosis and epithelial-mesenchymal transition (EMT) were detected. A nude mouse 
model of HCC was constructed to verify the effects of transfection of mimics. Results: SCAMP3 was elevated in HCC 
patients and cancer tissues of HCC patients, while miR-128-3p showed opposite effects. High level SCAMP3 and low 
level miR-128-3p were related to poor prognosis of HCC. Both of them were correlated with excessive drinking his-
tory, N-stage, M-stage and pathological differentiation degree of HCC patients, as well as prognostic factors of HCC 
patients. SCAMP3 up-regulation or miR-128-3p down-regulation could promote HCC cell proliferation, migration, 
invasion, and transcription and protein levels of EGFR, p-EGFR, MAPK p38, p-MAPK p38, N-cadherin and vimentin, 
and inhibit HCC cell apoptosis and transcription and protein levels of E-cadherin. Dual luciferase reporter identified 
the targeting relationship between SCAMP3 and miR-128-3p. When both SCAMP3 and miR-128-3p were elevated 
or reduced, the biological manifestation of cells was not different from that of miR-NC transfected with unrelated 
sequences. Besides, miR-128-3p inhibited tumor growth in the HCC model in nude mice. Conclusion: SCAMP3 can 
be controlled by miR-128-3p and can mediate the EGFR-MAPK p38 signaling pathway to inhibit HCC cell metastasis, 
which is expected to become a promising therapeutic target for HCC.
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Introduction

Hepatocellular carcinoma (HCC) is a typical 
phenotype of primary hepatic carcinoma. Its 
etiology is related to chronic hepatitis B/C virus 
[1, 2]. According to the epidemiological data  
of HCC, there are 854,000 new cases and 
810,000 deaths worldwide every year, and the 
morbidity and mortality have an upward trend 
[3]. Hepatitis B/C and alcohol abuse are risk 
factors of HCC, and the risk of alcohol abuse is 
five times higher than that of hepatitis C. 
Moderate alcohol consumption and hepatitis 
virus vaccination are helpful to prevent HCC [4]. 
HCC is also an invasive tumor with poor progno-

sis, and its early symptoms are insidious. Wi- 
thout prevention or screening, HCC is often 
diagnosed in the late stage with a low cure rate. 
However, the treatment options for advanced 
patients are very limited, and it is currently a 
popular therapeutic direction to find anticancer 
or carcinogenic targets at the molecular level 
[5, 6]. At present, HCC is diagnosed by biopsy or 
imaging analysis, and molecular markers with 
high sensitivity and specificity at the early sta- 
ge of patients still need to be explored [7]. 
Therefore, finding highly correlated molecular 
markers of HCC and exploring its molecular 
mechanism are of great value for the treatment 
and prevention of HCC.
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miRNA-mRNA molecular functional network  
is favored by researchers for its predictive 
screening of HCC highly correlated oncogenic 
or anti-cancer genes and helping people find 
potential therapeutic targets [8]. miRNA is a 
small RNA molecule with 20-25 nucleotides, 
which mediates the metastasis mechanism of 
cancer by specifically binding human cancer-
related mRNA [9]. As a member of miRNA fam-
ily, miR-128-3p is correlated with the sensitivity 
of sorafenib-induced apoptosis in HCC, and is 
abnormally down-regulated in HCC cell lines, 
which can improve the apoptosis sensitivity of 
HCC through physical binding with DJ-1, sug-
gesting that it may have anti-cancer properties 
in HCC [10]. At present, there is little research 
on its metastasis mechanism in HCC, but it is 
found to be play a vital part in the metastasis of 
esophageal squamous cell carcinoma and EMT, 
and mainly plays a role by targeting ZEB1, the 
key medium of EMT [11]. We also found the 
potential binding sites between secretory carri-
er membrane protein 3 (SCAMP3) and it. We 
speculated that miR-128-3p-SCAMP3 molecu-
lar network mediated HCC metastasis. SCAMP3 
is a transmembrane protein that plays a role in 
plasma membrane, endosome and trans Golgi 
network. It is over-expressed abnormally in 
HCC gene expression profile, which may have 
carcinogenic activity and is beneficial to HCC 
metastasis [12, 13]. EGFR-MAPK p38 signaling 
pathway is a functional molecular pathway 
closely related to tumor metastasis. EGFR can 
enhance the mobility of cells by adjusting the 
cell adhesion strength induced by adhesion 
plaque, while MAPK can change the stability of 
adhesion plaque [14]. Studies have shown that 
EGFR-MAPK p38 pathway mediates early liver 
inflammation and injury stress of fibrosis, and 
is also involved in the migration of HCC [15, 
16].

Based on the above investigation, we conjec-
tured that the miR-128-3p-SCAMP3-EGFR-MA- 
PK p38 regulatory network mediates HCC me- 
tastasis, which is hereby verified.

Materials and methods

Tissue sample collection

From January 2014 to January 2017, fifty-two 
HCC patients admitted to the Affiliated Hospital 
of Heilongjiang University of Chinese Medicine 
and Cancer Hospital of Harbin Medical Uni- 
versity were recruited, and their cancerous  

tissues and adjacent tissues were collected. 
Inclusion criteria: Patients whose HCC was con-
firmed by pathological diagnosis [17]. Patients 
received treatment at the first time. Patients 
did not have other liver diseases. Exclusion  
criteria: Patients had other malignant tumors  
or severe systemic dysfunction. Patients who 
could not accept the follow-up visit. This experi-
ment was conducted with the approval of the 
ethics committee of the Affiliated Hospital of 
Heilongjiang University of Chinese Medicine 
and Cancer Hospital of Harbin Medical Uni- 
versity, and was in accordance with Helsinki 
Declaration, all the participants have agreed to 
participate in the experiment and signed the 
informed consent.

Follow-up

HCC patients were followed up for 3 years, 
mainly by telephone, interview and pathological 
inquiry, to record their treatment until death or 
the last day of follow-up, as overall survival 
(OS).

Cell culture and transfection

Human HCC cells Huh-7, SK-HEP-1, MHCC97, 
SNU-354 and human normal hepatocytes L-02 
(Guan Dao Bioengineering Co., Ltd., Shanghai, 
China, C0638, C4138, C7056, C1903, DA- 
C6286) were purchased, cultured in DMEM 
containing 10% PBS (Kanglang Biological 
Technology Co., Ltd., Shanghai, China, KL- 
P0032) in an environment of 37°C and 5%  
CO2, and added with 0.25% pancreatin (Aiy- 
an Biotechnology Co., Ltd., Shanghai, China, 
S-310) for digestion, followed by further culture 
to complete passage.

Gene expression was altered via constructing 
recombinant plasmids. Low expression plasmid 
pSilencer-SCAMP3 of SCAMP3 (si-SCAMP3), 
high expression plasmid pEGFP-SCAMP3 of 
SCAMP3 (SCAMP3), negative control RNA (si-
NC), miR-128-3p up-regulated sequence (mim-
ics), miR-128-3p inhibition sequence (inhibitor), 
miR negative control (miR-NC) were transfect- 
ed with the help of Lipofectamine™ 2000 kit 
(Woosen Biotechnology Co., Ltd., Hangzhou, 
China, 11668019).

Real-time quantitative PCR

Extraction of total RNA in cells was carried out 
by the aid of Trizol reagent (Yiji Industries Co., 
Ltd., Shanghai, China, YJ58182). Then, total 
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RNA (5 μg) was taken for reverse transcription 
of cDNA using a reverse transcription kit (Qi- 
ming Biotechnology Co., Ltd., Shanghai, China, 
OX02700). Synthesized cDNA (1 μL) was taken 
for amplification. β-Actin and U6 were regarded 
as internal reference for SCAMP3 and miR-128-
3p, respectively, and 2-ΔΔct was applied to ana-
lyze the data.

MTT detection of cell viability

Transfected cells were inoculated on a 96-well 
plate (4×103 cells/well) 24 h after transfection 
and incubated at 37°C. Twenty μL MTT solution 
(5 μmg/mL, Yiyan Biological Technology Co., 
Ltd., Shanghai, China, SL7133-10ml) was add- 
ed at each time point, cultured for 4 hours at 
37°C. Two hundred μL dimethyl sulfoxide was 
put into each well. Measurement of OD value 
was performed at 490 nm wavelength by Nabi 
spectrophotometer (Bunsen Health Technology 
Co., Ltd., Tianjin, China).

Transwell detection of cell migration and inva-
sion abilities

Cells were collected and inoculated on a 24-well 
plate (3×104 cells/well) 24 hours after transfec-
tion. They were digested by trypsin and trans-
ferred to the upper compartment (containing 
50 mg/L Matrigel, Hengfei Biotechnology Co., 
Ltd., Shanghai, China, M8370). And then, 200 
μL RPMI1640 nutrient solution (Fuze Trading 
Co., Ltd., Shanghai, China, LS115-001) and 
600 mL RPMI1640 containing 10% FBS were 
added to the upper compartment and the lower 
compartment, respectively, culturing at 37°C 
for 48 h. The upper compartment was rinsed 
with PBS (Rongbai biological technology Co., 
Ltd., Shanghai, China, MB13103) and stained 
with 0.5% crystal violet, and its invasiveness 
was observed with a microscope. For the detec-
tion of migration, all the other steps were the 
same as before except for Matrigel.

Flow cytometry detection of cell apoptosis

Transfected cells were digested by 0.25% tryp-
sin, washed twice with PBS, and mixed with 
binding buffer (100 μL) to prepare as suspen-
sion (1×106/mL). Next, Annexinv-FITC and PI 
were successively put into it. Cell incubation 
was conducted at indoor temperature for 5 min 
away from light. And flow cytometry NovoCyte 
(Biocytocare Biotechnology Co., Ltd., Guang- 
zhou, China, D2060R) was used for detection. 

In addition, Q2 and Q3 in flow cytometry repre-
sent the proportion of early and late apoptosis, 
respectively, so the sum of the two was the 
level of apoptosis.

Western Blot detection

RIPA lysis was applied for extraction of total 
protein of HCC cells, and the protein concentra-
tion was determined with BCA kit (Rongbai 
Biotechnology Co., Ltd., Shanghai, China, LCB- 
004). The dilution ratio of SCAMP3 and other 
primary antibodies was 1:1000, and all the 
antibodies were purchased from Shanghai 
Kemin Biotechnology Co., Ltd. Each membrane 
was washed with PBS and incubated with 
horseradish peroxidase labeled goat anti-rab-
bit secondary antibody. Finally, after the steps 
of ECL luminescence and development, the 
gray value was analyzed.

Dual luciferase report assay

Targetscan7.2 predicted miR-128-3p down-
stream target genes. SCAMP3 3’UTR-Wt, SC- 
AMP3 3’UTR-Mut, mimics and miR-NC were 
transferred into HCC cells using Lipofectamine™ 
2000 kit, and determination of luciferase activ-
ity was conducted using dual luciferase report-
er gene kit (Qunji Biotech Co., Ltd., Shanghai, 
China, KA3784).

Establishment of HCC models in vivo

Female BALB/c nude mice aged 4-6 weeks 
(VitalRiver Laboratory Animal Technology Co., 
Ltd., Beijing, China, 401) were raised in a sterile 
environment. HCC cells (5×106) containing mi- 
mics and miR-NC were injected into the left 
abdomen of nude mice subcutaneously. There 
were five mice in each group, and tumor growth 
was measured every 7 days. Mice were killed 
by dislocation 28 days after being injected, and 
measurement of size and mass of tumors were 
conducted. All animal experiments involved in 
the research had been approved by the ethics 
committee of animal experiments in our hospi-
tal, and were conducted in the light of the guid-
ance of the ethics committee of animal experi-
ments, which was in line with the institutional 
ethical guidelines for animal experiments.

Statistical methods

GraphPad 6 was applied for data analysis and 
image rendering. Independent sample t test, 
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LSD-T test, repeated measurement ANOVA, 
Bonferroni were used for comparison between 
two groups, comparison among multiple gro- 
ups, pair-wise comparison afterwards, and 
expression at multiple time points, respective-
ly. Independent risk factors affecting patient 
prognosis were analyzed by multivariate Cox 
regression analysis. Kaplan-meier was used to 
draw the survival curve, and Log-rank was 
applied to estimate the difference of survival 
time between groups. When P<0.05, statistical 
difference was indicated.

Results

SCAMP3 is up-regulated in HCC and negatively 
correlated with miR-128-3p

SCAMP3 expression was higher in HCC tissues 
than that in adjacent tissues, while miR-128-3p 
expression was different from the former one. 
There was a negative correlation between the 
two (r=-0.772, P<0.001), and their in HCC cell 
lines was also detected, the former showed a 
higher level, while the latter showed a lower 

level. Since the expression of the two were 
most significant in Huh-7 and MHCC97 of HCC 
cells, Huh-7 and MHCC97 were chosen for fur-
ther analysis. Moreover, we also found that the 
two were bound up with the history of excessive 
drinking history, N stage, M stage and patho-
logical differentiation of HCC patients. All the 
above results were statistically significant 
(P<0.05). As shown in Figure 1 and Table 1.

High level SCAMP3 or low level miR-128-3p 
is associated with poor prognosis of HCC pa-
tients

We have successfully completed a 3-year fol-
low-up of 52 HCC patients, of which 14 patients 
survived were enrolled in good prognosis group, 
and 38 patients died were enrolled in poor 
prognosis group. The 3-year OS in this study 
was 26.92% (14/52). We found that high level 
SCAMP3 and low level miR-128-3p existed in 
the poor prognosis group. Then, we plotted the 
survival curve with the median of the two 
expression as the dividing point of the high and 
low expression. The results showed that high 

Figure 1. SCAMP3 is up-regulated in cancer tissues of HCC patients and is negatively correlated with miR-128-3p. A, 
B. The expression level of SCAMP3 is higher in HCC patients’ cancer tissues, while the expression level of miR-128-
3p is lower. C. There was a negative correlation between SCAMP3 and miR-128-3p (r=-0.772, P<0.001). D-F. The 
expression and protein levels of SCAMP3 in HCC cell lines were high, while the expression level of miR-128-3p was 
low, as well as the corresponding protein diagram. Notes: Comparison between the two groups or comparison with 
L-02 cells, **P<0.01, ***P<0.001. Abbreviation: SCAMP3, secretory carrier membrane protein 3; miR, microRNA; 
HCC, hepatocellular carcinoma.
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level SCAMP3 or low level miR-128-3p was 
associated with lower 3-year OS of HCC pa- 
tients. Cox regression analysis revealed that N 
stage, M stage, miR-128-3p, SCAMP3 were 
independent prognostic factors for HCC pa- 
tients. All the above results were statistically 
significant (P<0.05). As shown in Figure 2 and 
Table 2.

Up-regulation of SCAMP3 promotes metastasis 
of HCC cells

We down-regulated, up-regulated, and nega-
tively controlled the SCAMP3 expression in 
Huh-7 cell and MHCC97 cell by transfection 
them with si-SCAMP3, sh-SCAMP3, and si-NC, 
respectively. Cell function analysis indicated 
that HCC cells had increased abilities of prolif-
eration, migration and invasion after SCAMP3 
up-regulation, and the cells were free from 
apoptosis. The protein levels of p-EGFR, EGFR, 
p-MAPK p38, MAPK p38, N-cadherin and vi- 
mentin elevated, while E-cadherin decreased. 

The results of downward adjustment of SCAMP3 
was different from the above. All the above 
results were statistically significant (P<0.05). 
As shown in Figure 3.

Target-controlled relationship exists between 
SCAMP3 and miR-128-3p

Targeted binding sites between SCAMP3 and 
miR-128-3p were found via Targetscan7.2, and 
the results of dual luciferase activity indicat- 
ed that after up-regulating miR-128-3p, only 
SCAMP3 3’UTR-Wt luciferase activity (instead 
of SCAMP3 3’UTR-mut) was decreased, and 
SCAMP3 expression and protein level in HCC 
cells were inhibited. All the above results were 
statistically significant (P<0.05). As shown in 
Figure 4.

Down-regulation of miR-128-3p promotes me-
tastasis of HCC cells

We also up-regulated, down-regulated and neg-
atively controlled Huh-7 and MHCC97 cells by 

Table 1. Correlation of SCAMP3 and miR-128-3p with the pathological data of HCC patients [n (%), 
mean ± SD]
Factors n=52 SCAMP3 t value P value miR-128-3p t value P value
Gender 1.096 0.278 1.273 0.209
    Male 28 1.94±0.14 0.90±0.15
    Female 24 1.90±0.12 0.95±0.13
Age (years) 1.792 0.079 1.434 0.158
    <60 25 1.89±0.13 0.94±0.14
    ≥60 27 1.96±0.15 0.88±0.16
Smoking history 1.479 0.146 1.503 0.139
    No 37 1.88±0.16 0.92±0.16
    Yes 15 1.95±0.14 0.85±0.13
Excessive drinking history 7.517 <0.001 3.304 0.002
    No 32 1.79±0.18 0.95±0.17
    Yes 20 2.16±0.16 0.80±0.14
T stage 1.967 0.055 1.418 0.162
    T2/T3 23 1.85±0.14 0.90±0.14
    T4 29 1.93±0.1.5 0.84±0.16
N stage 6.583 <0.001 3.687 <0.001
    N0 34 1.70±0.19 1.00±0.18
    N1 18 2.03±0.13 0.82±0.14
M stage 5.605 <0.001 4.119 <0.001
    M0 36 1.77±0.2.0 1.05±0.17
    M1 16 2.08±0.1.4 0.85±0.14
Degree of pathological differentiation 2.120 0.039 2.729 0.009
    Poor differentiation 19 2.00±0.13 0.86±0.12
    Middle + high differentiation 33 1.90±0.18 0.97±0.15
Abbreviation: SCAMP3, secretory carrier membrane protein 3; miR, microRNA; HCC, hepatocellular carcinoma; T, tumor infiltra-
tion; N, lymph node metastasis; M, distant metastasis.
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transfecting them with mimics, inhibitor and 
miR-NC, respectively. When miR-128-3p de- 
creased, HCC cells would have enhanced abili-
ties of proliferation, migration and invasion, 
and suppressed apoptosis ability. The protein 
levels of p-EGFR, EGFR, p-MAPK p38, MAPK 
p38, N-cadherin and vimentin elevated, while 
E-cadherin decreased. The above results were 
reversed after miR-128-3p up-regulation. All 
the above results were statistically significant 
(P<0.05). As shown in Figure 5.

Simultaneous up-regulation or down-regula-
tion of SCAMP3 and miR-128-3p can offset 
the above transfer promotion effect

When SCAMP3 and miR-128-3p were both up-
regulated or down-regulated, no remarkable 
difference could be found in biological func-
tions and molecular performance of HCC cells 

compared with miR-NC (P>0.05). However, 
compared with HCC cells with up-regulated 
miR-128-3p, the proliferation, migration and 
invasion abilities, as well as the protein levels 
of p-EGFR, EGFR, p-MAPK p38, MAPK p38, 
N-cadherin and vimentin, were notably in- 
creased, while the cell apoptosis ability and 
E-cadherin protein level were suppressed. 
Compared with cells with down-regulated miR-
128-3p, the above results were all opposite, 
and the differences are statistically significant 
(P<0.05). As shown in Figure 6.

Up-regulation of miR-128-3p can inhibit tumor 
growth in nude mice

We further conducted in vivo study by estab-
lishing a nude mouse model. The results 
showed that the HCC model in vivo transfected 
with mimics successfully realized the over-

Figure 2. High level SCAMP3 or low level miR-128-3p is associated with poor prognosis of HCC patients. A. The 
expression level of SCAMP3 in serum of patients with poor prognosis is higher, while miR-128-3p is opposite. B, C. 
High level SCAMP3 or low level miR-128-3p is associated with lower 3-year OS in HCC patients. Note: Comparison 
with good prognosis, *P<0.05. Abbreviation: SCAMP3, secretory carrier membrane protein 3; miR, microRNA; HCC, 
hepatocellular carcinoma; OS, overall survival.

Table 2. Univariate and multivariate Cox regression analysis

Index
Univariate Multivariate

HR (95% CI) P HR (95% CI) P
Gender 1.146 (0.480-2.703) 0.669
Age (years) 1.054 (0.424-3.108) 0.764
Smoking history 1.099 (0.892-1.536) 0.098
Excessive drinking history 0.748 (0.455-1.263) 0.274
T stage 0.354 (0.125-0.999) 0.056
N stage 5.108 (2.206-20.740) 0.028 2.217 (1.120-3.775) 0.009
M stage 1.736 (1.003-3.001) 0.001 1.832 (1.080-3.202) 0.024
Degree of pathological differentiation 0.553 (0.748-1.416) 0.102
SCAMP3 3.870 (1.492-3.513) <0.001 3.370 (2.324-8.529) 0.001
miR-128-3p 2.221 (1.213-3.781) 0.010 2.534 (0.820-6.469) 0.001
Abbreviation: SCAMP3, secretory carrier membrane protein 3; miR, microRNA; T, tumor infiltration; N, lymph node metastasis; 
M, distant metastasis.
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Figure 3. Up-regulation of SCAMP3 promotes metastasis of HCC cells. A. Transfection efficiency of SCAMP3. B-D. The proliferation, migration and invasion of HCC 
cells increases after SCAMP3 is up-regulated. E. After up-regulating SCAMP3, the apoptosis rate of HCC cells decreases, as well as the corresponding cell flow 
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diagram. F, G, After up-regulating SCAMP3, expression and protein levels of p-EGFR, EGFR, p-MAPK p38, MAPK p38 increase, as well as the corresponding protein 
diagram. H, I, After regulating SCAMP3, expression and protein levels of N-cadherin and vimentin increase, while the expression and protein level of E-cadherin 
decrease, as well as the corresponding protein diagram. Notes: Comparison with si-NC or between two groups, *P<0.05, **P<0.01. Comparison with sh-SCAMP3, 
##P<0.01. Abbreviation: SCAMP3, secretory carrier membrane protein 3; NC, negative control; HCC, hepatocellular carcinoma; p-EGFR, phospho-epithelial growth 
factor receptor; EGFR, epithelial growth factor receptor; p-MAPK p38, phospho-p38 mitogen-activated protein kinase; MAPK p38, p38 mitogen-activated protein 
kinase; si, short interfering; PI, propidium iodide; GAPDH, Glyceraldehyde-3-phosphate dehydrogenase; EMT, epithelial-mesenchymal transition.

Figure 4. Target-controlled relationship exists between miR-128-3p and SCAMP3. A. Potential targeting sites exist between miR-128-3p and SCAMP3. B. Relative 
luciferase activity-dual luciferase reporter. C. Expression level of SCAMP3 in HCC cells after transfection. D. Protein level and protein diagram of SCAMP3 in HCC cells 
after transfection. Note: Comparison with miR-NC, **P<0.01. Comparison with inhibitor, ##P<0.01. Abbreviation: SCAMP3, secretory carrier membrane protein 3; 
miR, microRNA; NC, negative control; Wt, wild type; Mut, mutant.



The regulatory mechanism of SCAMP3 and miR-128-3p in hepatocellular carcinoma

7878 Am J Transl Res 2020;12(12):7870-7884

Figure 5. Down-regulation of miR-128-3p promotes HCC cell metastasis. A. Transfection efficiency of miR-128-3p. B-D. The proliferation, migration and invasion of 
HCC cells increases after miR-128-3p is down-regulated. E. The apoptosis rate of HCC cells decreases after miR-128-3p is down-regulated, as well as the corre-
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sponding cell flow diagram. F, G. Expression and protein levels of p-EGFR, EGFR, p-MAPK p38, MAPK p38 in HCC cells increase after miR-128-3p is down-regulated, 
as well as the corresponding protein diagram. H, I. The expression and protein levels of N-cadherin and vimentin in HCC cells increases after miR-128-3p is down-
regulated, while the expression and protein level of E-cadherin decreases, as well as the corresponding protein diagram. Note: Comparison with miR-NC or between 
two groups, *P<0.05, **P<0.01. Comparison with inhibitor, ##P<0.01. Abbreviation: miR, microRNA; NC, negative control; HCC, hepatocellular carcinoma; p-EGFR, 
phospho-epithelial growth factor receptor; EGFR, epithelial g-MAPK p38, phospho-p38 mitogen-activated rowth factor receptor; p protein kinase; MAPK p38, p38 
mitogen-activated protein kinase; PI, propidium iodide; GAPDH, Glyceraldehyde-3-phosphate dehydrogenase; EMT, epithelial-mesenchymal transition.
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Figure 6. Simultaneous up-regulation or down-regulation of SCAMP3 and miR-128-3p can offset the above transfer promotion effect. A-C. Simultaneous up-
regulation or down-regulation of SCAMP3 and miR-128-3p could counteract the promotion of proliferation, migration and invasion of HCC cells. D. Up-regulating or 
down-regulating SCAMP3 and miR-128-3p simultaneously can offset the apoptosis inhibition effect of HCC cells, as wells as the corresponding cell flow diagram. 
E, F. Up-regulating or down-regulating SCAMP3 and miR-128-3p simultaneously can offset the increase in the levels of p-EGFR, EGFR, p-MAPK p38 and MAPK p38 
proteins in HCC cells, as well as the corresponding protein diagram. G, H. Simultaneous up-regulation or down-regulation of SCAMP3 and miR-128-3p can offset 
the increase of N-cadherin and vimentin protein level and the inhibition of E-cadherin protein level in HCC cells, as well as the corresponding protein diagram. Note: 
Comparison with miR-NC or between two groups, *P<0.05, **P<0.01. Comparison with inhibitor, ##P<0.01. Abbreviation: SCAMP3, secretory carrier membrane 
protein 3; miR, microRNA; NC, negative control; HCC, hepatocellular carcinoma; p-EGFR, phospho-epithelial growth factor receptor; EGFR, epithelial growth factor 
receptor; p-MAPK p38, phospho-p38 mitogen-activated protein kinase; MAPK p38, p38 mitogen-activated protein kinase; si, short interfering; PI, propidium iodide; 
GAPDH, Glyceraldehyde-3-phosphate dehydrogenase; EMT, epithelial-mesenchymal transition.

Figure 7. Up-regulation of miR-128-3p can inhibit tumor growth in nude mice. A. miR-128-3p transfection efficiency of HCC models in vivo. B-D. Up-regulation of 
miR-128-3p significantly inhibited tumor growth rate, size and mass of HCC models in vivo. Note: Comparison with miR-NC or between the two groups, **P<0.01. 
Abbreviation: miR, microRNA; NC, negative control; HCC, hepatocellular carcinoma.
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expression of miR-138-5p, and the tumor 
growth rate was notably inhibited. Besides, its 
tumor size and mass were significantly lower 
than that of the HCC model in vivo transfected 
with miR-NC. The differences were statistically 
significant (P<0.05). As shown in Figure 7.

Discussion

HCC is the second major cause of cancer death 
in human beings, which often begins with the 
deterioration of chronic liver diseases [18]. 
miRNA-mRNA regulatory network is a regulato-
ry pathway bound up with the pathogenesis of 
HCC. Exploring its molecular mechanism is 
helpful for us to formulate therapeutic strate-
gies for HCC [19]. Here, we focused on the 
promising regulatory function of miR-128-3p-
SCAMP3 in HCC metastasis mechanism, hop-
ing to provide new options in treating HCC 
patients.

More and more researchers have focused their 
research enthusiasm on miR-128-3p and 
SCAMP3, and published numerous research 
results to fill the gaps in the application of the 
two in HCC. For example, in the research of 
team of Yu [20], miR-128-3p participates in the 
regulation mechanism of HCC through targeted 
inhibition of CYP2C9. Another example is the 
study of Wei et al. [21], SCAMP3 is proved to be 
a prognostic indicator of HCC. It is over-
expressed in HCC tissues and is bound up with 
vascular invasion and tumor staging. Down-
regulation of its expression is also helpful to 
inhibit HCC cell proliferation and block cell 
cycle. Here, we found that miR-128-3p in HCC 
cancer tissues and cell lines was relatively low, 
while SCAMP3 was contrary, indicating that 
both the two may participate in the occurrence 
and progression of HCC. Further exploration of 
the value of the two in differentiating HCC can-
cer tissues indicated that the AUC of the two in 
differentiating HCC cancer tissues from adja-
cent healthy tissues was as high as 0.850, sug-
gesting that both of them have the potential to 
assist in the screening of HCC. The results of 
correlation analysis revealed that there was a 
negative correlation between the two, indicat-
ing that the two may have a negative correla-
tion in the pathological regulation of HCC. 
Analysis of pathological parameters showed 
that the two were also closely related to the 
excessive drinking history, N stage, M stage, 

and degree of pathological differentiation of 
HCC patients, suggesting that the two have cer-
tain predictability for the pathological condi-
tions of patients. We also analyzed the progno-
sis of patients. The results exhibited that high 
level SCAMP3 or low level miR-128-3p were 
strongly associated with patient poor progno-
sis, indicating that both may be prognostic indi-
cators of HCC. Cox analysis revealed that miR-
128-3p, SCAMP3, N stage and M stage are 
independent prognostic indicators for HCC 
patients. In the research of the team of Huang 
[22], miR-128-3p has been proved to be a prog-
nostic indicator for HCC patients. Its low level is 
significantly related to short disease-free sur-
vival, which is similar to our research results. In 
addition, the 3-year OS of HCC patients in our 
study was 26.92%, which was similar to the 
study of Wang et al. [23].

We have focused on the regulatory mecha-
nisms of the two in HCC cell lines, and mainly 
studied the role of the two in HCC tumor cell 
metastasis mechanisms. Studies show that 
main manifestations of EMT process include 
low level E-cadherin and high levels of 
N-cadherin and vimentin, and the main contri-
bution of EMT to tumor metastasis comes from 
its enhancement of tumor invasiveness [24, 
25]. In addition, we also studied the effects of 
the two on EGFR-MAPK p38 signaling pathway. 
Studies have shown that there is a differential 
protein SCAMP3 in the subset of CD81-related 
proteins in HCC cells, which may mediate the 
activation of EGFR-MAPK p38 signaling path-
way and thus participate in the regulation of 
hepatitis c virus on host transmembrane pro-
tein assembly. We suspect that this is also a 
potential connection between SCAMP3 and the 
pathway in HCC metastasis mechanism [26]. 
Two cell lines with the most significant differen-
tial expression were chosen for analysis, name-
ly Huh-7 and MHCC97. According to our study, 
SCAMP3 up-regulation or miR-128-3p down-
regulation is beneficial to malignant metastasis 
of HCC cells, which is manifested by enhanced 
proliferation, migration, invasion, EMT, de- 
creased apoptosis level and activation of EGFR-
MAPK p38 signaling pathway. The reverse 
treatment of the two genes showed the oppo-
site effects, suggesting that the development 
of SCAMP3 inhibitors or miR-128-3p promoters 
may be a new treatment option for HCC pa- 
tients, which is beneficial to inhibit tumor 



The regulatory mechanism of SCAMP3 and miR-128-3p in hepatocellular carcinoma

7882 Am J Transl Res 2020;12(12):7870-7884

metastasis of HCC. Similar to our results, a 
study suggests that miR-128-3p is also notably 
down-regulated in HCC cells, and can inhibit 
HCC progression by regulating phosphoinosit-
ide-3-kinase regulatory subunit p85α (PIK3R1), 
while its up-regulation can induce cell stagna-
tion in G1 phase and inhibit proliferation and 
migration [22]. We further verified the relation-
ship between SCAMP3 and miR-128-3p through 
dual luciferase reporter. The results exhibited 
that miR-128-3p over-expression only notably 
reduced the luciferase activity of SCAMP33’ 
UTR-wt, and the transcription and protein level 
of SCAMP3 were significantly reduced. While its 
down-regulation showed opposite results, indi-
cating that there was indeed a targeted regula-
tory relationship between the two. In addition, 
we further verified through co-transfection 
experiments. When the two were up-regulated 
or down-regulated at the same time, the bio-
logical function changes of HCC cells had no 
significant difference in comparison with miR-
NC. Compared with up-regulated miR-128-3p, 
however, the cell proliferation, migration, inva-
sion, EMT were enhanced, EGFR-MAPK p38 
pathway were activated, and cell apoptosis 
level were decreased. Meanwhile, miR-128-3p 
down-regulation led to opposite results, which 
again confirms the targeted regulatory relation-
ship between the two. SCAMP3 has been 
reported to have targeted binding relationships 
with a variety of miRNAs. For example, it is reg-
ulated by miR-584-3p in melanoma cells, medi-
ating the inhibition of metformin on tumor cell 
growth and movement. Another example is that 
it is negatively regulated by miR-27a/b-3p and 
forms a feedback loop during lipogenesis to 
regulate metabolic processes [27, 28]. Although 
the targeted relationship between SCAMP3 
and miR-128-3p has not been reported, the 
regulatory role of the latter in HCC has been 
confirmed by numerous studies [10, 20, 22], 
indicating that miR-128-3p is highly associated 
with HCC, and further confirming that the axis 
of miR-128-3p-SCAMP3 is likely to be a key 
regulatory axis for HCC metastasis. Moreover, 
we further investigated the effects of miR-128-
3p on HCC model in nude mice, and found that 
its up-regulation inhibited tumor growth rate, 
size, other aspects of tumor of nude mice 
model to different degrees, indicating that its 
elevated gene expression has a certain thera-
peutic effect on tumors in vivo, indicating that 
miR-128-3p expression promoters may have a 

certain positive effect on the treatment of HCC 
patients.

Although this paper confirmed that miR-128-3p 
can regulate the tumor metastasis mechanism 
of HCC through targeted negative regulation of 
SCAMP3 expression and mediation of EGFR-
MAPK p38 signal transduction pathway, how-
ever, there is still room for improvement. First 
of all, whether miR-128-3P-SCAMP3 has influ-
ence on HCC chemical resistance can be ana-
lyzed, and its promising regulatory mechanism 
on HCC chemical sensitivity can be clarified. 
Secondly, we can supplement whether there 
are upstream regulatory role molecules of miR-
128-3p and explore potential target control 
mechanisms.

Conclusion

We proposed for the first time the tumor mech-
anism of miR-128-3p-SCAMP3-EGFR-MAPK 
p38 axis regulatory network regulating HCC, 
and clarified the potential regulatory mecha-
nism of miR-128-3p as a tumor suppressor in 
HCC progression. The miR-128-3p-SCAMP3-
EGFR-MAPK p38 axis is crucial in the pathologi-
cal development of HCC and may provide a new 
therapeutic direction for HCC patients.
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