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Background: Secretory Carrier Membrane Proteins 3 (SCAMP3) is a transmembrane protein
that affects intracellular trafficking, protein sorting and vesicle formation. Overexpression of
SCAMP3 correlates with poorly differentiated hepatocellular carcinoma (HCC). However, the
expression and corresponding gene regulation of SCAMP3 in HCC remain unclear.

Methods: Bioinformatics analyses of clinical parameters and survival data were conducted
to predict the prognostic value of SCAMP3 in HCC. RNA sequencing and real-time PCR
were conducted to confirm the SCAMP3 expression in HCC tissue. Expression was analyzed
using Oncomine™ and UALCAN, while SCAMP3 alterations and survival analysis were
identified by cBioPortal. Differential gene expression with SCAMP3 was analyzed by
LinkedOmics and GEPIA. The target networks of enzymes and co-transcriptional factors
were identified using Gene enrichment analysis. Expression of SCAMP3 in HCC tissue was
detected by RNA-sequencing and Western-blotting.

Results: Based on bioinformatics analysis and detection of mRNA expression, SCAMP3
was over-expressed in numerous tumors, especially in HCC. SCAMP3 level was positively
correlated with disease stages and tumor grades and negatively correlated with patient
survival. Furthermore, functional network analysis indicated that SCAMP3 regulated meta-
bolic process and DNA replication through oxidative phosphorylation and chromatin remo-
deling or Ribosome. SCAMP3 regulated a number of gene expressions including PPAP2B,
SNRK, ARID4A, PRCC, VPS72 via protein binding and proteasome, which may affect cell
adhesion, proliferation, transcription, cell cycle and metabolism. Further, Real-time PCR and
Western-blotting showed that the SCAMP3 level was increased in HCC tissue.
Conclusion: The present data analysis efficiently reveals information about SCAMP3 expression
and correlated function in HCC, laying a foundation for further study of SCAMP3 in the tumor.
Keywords: SCAMP3, hepatocellular carcinoma, bioinformatics analysis, RNA-sequencing,
real-time PCR

Introduction

Hepatocellular carcinoma (HCC) is regarded as the majority of primary liver cancers.
Liver cancer remains one of the most common malignant tumors and the fourth leading
cause of cancer-related death globally.' The incidence of HCC and related cancer death
is increasing in developing countries.” The World Health Organization reported that
more than 1 million patients would die of HCC in 2030." Due to the complex
pathogenesis of HCC such as hepatic inflammation, fibrosis and aberrant hepatocyte
regeneration, identifying the key network of multiple genes at multiple steps is needed.
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Although progress in the treatment of HCC with various
targeted drugs has been achieved, the 5-year survival rate
of patients is less than 5%.> Prognosis of HCC at early stages
and grades is helpful to prolong the overall life expectancy of
HCC patients.* Therefore, exploring accurate biomarkers for
early diagnosis and effective therapeutic strategies have cru-
cial clinical significance.

Secretory Carrier Membrane Proteins (SCAMPs) are tetra-
spanin, integral membrane proteins that exist in endosomes,
plasma membrane recycling and Trans-Golgi network.™
Through influencing cell recycling process such as trafficking
of transporters and receptors, protein sorting and so on,
SCAMPs play a key role in homeostasis and cellular responses
to stress in the environment.>® In humans, the SCAMPs family
consists of four ubiquitous isoforms, SCAMPs1-4, and
a central isoform SCAMP5.” SCAMP3 has been shown to
regulate the size of early-endosomes and recruit the ESCRT-0
protein to early-endosomes. It is reported that SCAMP3 nega-
tively modulated degradation of the epidermal growth factor
receptor, leading to receptor recycling.” However, very little is
known about the role and mechanism of SCAMP3 in carcino-
genesis. Until now, Wael found that overexpression of
SCAMP3 was detected in 84 HCC patients, which is asso-
ciated with hepatocellular carcinoma dedifferentiation and
HCC progression.”

In the present study, bioinformatics analysis of several
large online databases was mined to evaluate the expression
profile of SCAMP3 and the relationship between SCAMP3
expression and clinical pathological parameters in HCC.
Furthermore, genomic alterations and biological function
related to SCAMP3 in HCC were also examined. This study
may potentially supply a new target for HCC diagnosis and
treatment.

Materials and Methods

Gene Expression Analysis Using

Oncomine and HCCDB Databases

The gene expression and mRNA level of SCAMP3 were
evaluated using Oncomine database (http://www.onco
mine.org), which is the world’s largest oncogene database
containing 715 data sets and 86,733 samples.” We focused
on several HCC studies such as Chen Liver, Mas Liver and
so on.'” SCAMP3 gene was queried in the database and
the data was shown by selecting HCC and cancer vs
Normal tissue. The cut-off of P-value was 0.01 and fold
change was defined as 2. HCCDB is a one-stop online
resource for visualizing HCC gene expression from around

4000 clinical samples.'"' We used HCCDB to analyze
CAMP3 expression in HCC.

UALCAN Analysis
UALCAN database (http://ualcan.path.uab.edu), an inter-
active web-portal for investigating the relative expression

of SCAMP3 across HCC and normal tissues, as well as in
various sub-groups such as cancer stages, tumor grades,
ages, gender and so on. UALCAN is based on the analyses
of TCGA (The Cancer Genome Atlas) gene expression
and clinical data from 31 cancer types.'°

TIMER Analysis
TIMER (http://cistrome.Shinyapps.io/timer/) is a web ser-
ver for exploring the correlation between abundance of

tumor-infiltrating immune cells and expression of query
gene, which uses the statistical method of deconvolution.
It also supplies an analysis of relative expression of the
goal gene across tumor and normal tissues, currently con-
taining 10.897 samples from TCGA.'> SCAMP3 expres-
sion was assessed in cancers paired to normal tissues.

cBioportal Database Analysis

The altered expression of SCAMP3 in LIHC (Liver hepa-
tocellular carcinoma) and relative overall survival in
patients were analyzed by cBioportal database (http://cbio
portal.org), which is an open access web-based resource
for exploring the multidimensional cancer genomics data
sets.'® It currently provides data from 225 cancer studies.
The tab Oncoprint shows the overview of SCAMP3 altera-
tions in LIHC patients.

LinkedOmics and GSE (Gene Set

Enrichment) Analysis
LinkedOmics database (http://www.linkedomics.org/login.

php) is a web tool for elucidating multi-omics data and clinical
data from TCGA, currently containing 32 cancer types.'* It has
three analysis modules in web application. We used Linked
Finder module to analyze the correlation of SCAMP3 and
differentially expressed genes in LIHC. The heat maps show
the statistical plots for individual genes. GSEA is a powerful
analytical method for interpreting gene expression data.'> We
used GSEA to analyze the data from LinkFinder, obtaining the
GO (cellular component, CC; biological process, BP; molecu-
lar function, MF) and KEGG (Kyoto Encyclopedia of Genes
and Genomes) pathway of SCAMP3 co-expression genes
in LIHC.
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GEPIA Analysis
GEPIA (Gene Expression Profiling Interactive Analysis,

http://gepia.cancer-pku.cn/) dataset, an interactive web ser-

ver, uses a standard processing pipeline to analyze differen-
tial gene expression, similar gene detection and correlation,
dimensionality reduction and so on.'® The correlation
between SCAMP3 and the top three differentially expressed
genes was evaluated by GEPIA.

Transcriptome Sequencing (mMRNA-Seq)
and Real-Time PCR

Total RNA from HCC and normal tissues was isolated with
TRIzol (Invitrogen), which was sent to a sequencing company
(Vazyme, Nanjing, China) for mRNA-seq. Written informed
consent was provided by the patients, and the study was
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Figure 1 SCAMP3 transcription in hepatocellular carcinoma. (A) Expression of SCAMP3 gene in common cancers vs paired normal tissues using the Oncomine database.
(B) The mRNA level of SCAMP3 was evaluated in HCC among three studies using ONCOMINE. (C) Expression summary of SCAMP3 in HCCDB database.
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Figure 2 SCAMP3 transcription in hepatocellular carcinoma based on TCGA database (A) Expression of SCAMP3 gene in cancers vs paired normal tissues (TIMER). (B) Boxplot
showing relative expression of SCAMP3 in normal individuals or LIHC patients with grade I, 2, 3 or 4 tumors. (C) Boxplot showing relative expression of SCAMP3 in normal
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the Primer Bank (https:/pga.mgh.harvard.edu/primerbank/),
ACCGCCCCATGTATAAGGCT (forward), CATGAGCAC
GGATACTGCTGT (reverse) and GAPDH TGTTCGACA
GTCAGCCGC (forward), GGTGTCTGAGCGATGTGGC
(reverse).'” The changes in gene expressions were determined
with the comparative CT (A ACT) method. The results were
expressed as means+S.E.M. Data was analyzed through
GraphPad Prism 5.0 software by One-way ANOVA with
Turkey’s multiple comparison tests. P<0.05 was considered

to be of statistical significance.

Western Blots

Total protein from HCC or Normal tissues was
extracted using RIPA buffer (Kaiji, Beijing, China).
Lysates were centrifuged and separated on the Lysates
were centrifuged and separated on the gel, blotted onto
a PVDF membrane (Bio Rad, USA), and analysed
using SCAMP3 and GAPDH antibodies (Proteintech,
Wuhan, China). Bands were visualized using enhanced
chemiluminescence. Written informed consent was pro-
vided by the patients, and the study was conducted in
accordance with the Declaration of Helsinki and
approved by the Air Force Medical Center of PLA
Ethics committee.

A

Results
Increased SCAMP3 Expression in HCC

We initially evaluated SCAMP3 transcription levels in
multiple cancers from TCGA. Data from the Oncomine
database showed that mRNA expression was signifi-
cantly higher in breast cancer, leukemia and especially
in Liver cancer (Figure 1A and B). To evaluate SCAMP3
gene expression, we analyzed SCAMP3 expression using
RNA-seq data from TIMER. As shown in Figure 2A,
compared with adjacent normal tissues, SCAMP3 tran-
scription expression was significantly higher in LIHC
(liver hepatocellular carcinoma), BLCA (bladder urothe-
lial carcinoma), BRCA (breast invasive carcinoma) and
so on. The 4D metric from HCCDB datasets (Figure 1C)
revealed that SCAMP3 is not a liver-specific gene
(logFC1=-0.38). While it was up-regulated in HCC
compared with adjacent samples (logFC2=1.08), with
other normal tissues (logFC3=1.19) and other kinds of
tumors (logFC4=0.63). Furthermore, the sub-group eva-
luation of liver hepatocellular carcinoma (LIHC) samples
with multiple clinic pathological features showed a high
expression of SCAMP3 (UALCAN databases). The
expression of SCAMP3 was significantly higher in
LIHC than normal in sub-group analyses based on
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tumor grade and stages, patient’s age, gender, race and
weight (Figure 2B—G). Taken together, SCAMP3 can be
recognized as a potential diagnostic marker in HCC.

Increased SCAMP3 Expression

Correlated with Patient Survival in HCC
Alterations in SCAMP3 mRNA expression were analyzed
by the cBioPortal dataset. As shown in Figure 3A, the
most frequent alteration type in LIHC was up-regulation
of SCAMP3 and the highest alteration frequency got to
7%. In addition, patients with SCAMP3 amplification had
significantly lower overall survival compared to that with

no alteration (Figure 3C). UALCAN analysis showed that
high SCAMP3 expression was associated with poor over-
all survival (Figure 3B). Therefore, these results suggest
that SCAMP3 amplification is positively correlated with
patient poor survival in HCC.

Co-Expression Genes of SCAMP3 in HCC
Genes co-expressed with SCAMP3 were analyzed by
LInkedOmics, which analyzed mRNA sequencing data
of 371 LIHC patients from TCGA project. Figure 4A
and B showed the 50 significant genes positively and
negatively correlated with SCAMP3. The volcano plot
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(Figure 4C) revealed all the genes associated with
SCAMP3. PPAP2B, SNRK and ARID4A were the top
three genes positively correlated with SCAMP3 expression
(Figure 5A—C). While PRCC, VPS72 and FLADI were
the ones negatively correlated with SCAMP3 expression
(Figure 5D-F). These genes may play roles in cell
adhesion, proliferation, transcription, cell cycle and meta-
bolism. Significantly enriched GO annotations were ana-
lyzed by Gene set enrichment analysis (GSEA). The genes
differentially expressed associated with SCAMP3 were
located mainly in membrane, nucleus, membrane-
enclosed lumen, protein-containing complex (Figure 6B),
where they participate primarily in protein and ion bind-
ing, nucleic acid binding and hydrolase and transferase
activity (Figure 6C), suggesting the effects on biological
regulation, transcription and metabolic process (Figure
6A). KEGG pathway analysis found enrichment in the
Ribosome, Proteasome, Spliceosome, DNA replication

and Oxidative phosphorylation pathways (Figure 6D).

mRNA and Protein Expressions of
SCAMP3 Were Increased in HCC

To identify mRNAs that were differentially expressed in
HCC patients, the secondary sequencing was used to
profile mRNA expression in tissue samples from three
HCC patients and three matched normal patients. The
heatmap and volcano plot showed the variation of
mRNA expression level between HCC patients and nor-
mal. As shown in Figure 7A and B, the SCAMP3 expres-
sion was significantly up-regulated in HCC patients
compared to that in normal. Further, we detected the
mRNA and protein expressions of SCAMP3 from HCC
tissues by real-time PCR and Western blotting. As shown
in Figure 7C and D, SCAMP3 expression increased sig-
nificantly in HCC tissues, consistent with the analysis of
the databases. The experiments were done after the
approval from a formally Ethics committee and informed

consent by the patients.
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Figure 6 Significantly enriched GO annotations and KEGG pathways of SCAMP3 in hepatocellular carcinoma (LinkedOmics). The significantly enriched GO annotations and
KEGG pathways of SCAMP3 co-expression genes in LIHC were analyzed using GSEA. (A) Cellular components. (B) Biological processes. (C) Molecular functions. (D)

KEGG pathway analysis.

Discussion

SCAMP3, a member of the Secretory Carrier Membrane
Proteins, has been reported to have a high level in HCC
tissue samples.'® Differentially regulated endocytosis-
associated proteins such as SCAMP3 have been identified
in HCC progression. Barbara found that SCAMP3 expres-
sion was associated with HCC differentiation grades and
mostly SCAMP3 expression was increased in poorly differ-
entiated tumors,® suggesting that SCAMP3 is probably
involved in Epidermal Growth Factor Receptor (EGFR)
regulation on the cell membrane.” To the best of our knowl-
edge, there are few reports about SCAMP3 expression and
corresponding mechanism in a tumor at present. And the

significance of SCAMP3 expression in the development and
prognosis of HCC remains largely unclear. The present
studies were conducted based on a lot of databases and
mRNA-sequencing profiling. Following analyzing the
Oncomine, HCCDB and TIMER databases, SCAMP3 tran-
scriptional level was significantly upregulated in HCC.
Furthermore, the transcriptional level of SCAMP3 was sig-
nificantly higher in HCC patients than healthy people in
subgroup analyses based on disease stages, tumor grade,
age, gender, race and weight. Subsequently, the frequencies
of alterations and survival analysis related to SCAMP3
were analyzed through cBioPortal and UALCAN databases.
The present results revealed that the amplification is the
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Figure 7 Prediction and identification of MRNAs expressed in hepatocellular carcinoma. (A) Expression profiles of the mRNAs are displayed in a heatmap. (B) Differentially expressed
mRNAs are displayed in a volcano plot. (C,D) qRT-PCR and Western-blotting verification of SCAMP3 expression in HCC tissues (n=5) and normal tissues (n=5). * p < 0.05; ***

p<0.001.

only type of mutation and higher SCAMP3 expression
correlated with worse survival rates, which indicated that
the mRNA level of SCAMP3 may be a valuable biomarker
for the prognosis of patients with HCC.

By mining the related functional networks through the
KEGG pathway, SCAMP3 participated primarily in the
ribosome, proteasome, spliceosome, DNA replication and
oxidative phosphorylation. As we have known, SCAMP3
is a secretory carrier membrane protein, which might con-
tribute to sorting events in endosomes. It is reported that

SCAMP3 modified ubiquitin, interacted with multivesicu-
lar bodies to the regulated endosomal pathway and inhib-
ited degradation of Epidermal Growth Factor Receptor.’
As Ubiquitin-proteasome system-mediated ribosome abun-
dance, which participated in the degradation of protein,'”
we speculated that SCAMP3 plays an important role in the
ubiquitin-proteasome system.

In addition, our study identified several genes correlated
with SCAMP3. Expressions of PPAP2B, SNRK and ARID4A
were negatively associated with SCAMP3 transcription.

OncoTargets and Therapy 2020:13
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PPAP2B, also known as Phospholipid phosphatase 3, is
reported to inhibit endothelial inflammation and promote
monolayer integrity by hydrolyzing lysophosphatidic acid
(LPA)*, which may be involved in repressing cell adhesion
and atherosclerosis.?! SNRK, SNF-related serine/threonine-
protein kinase, is an AMPK subfamily member,”* which
plays a role in hematopoietic cell differentiation.®> Recently,
Zou found SNRK activated NF-kB to induce inflammation.**
Whether SNRK is involved in SCAMP3-mediated HCC pro-
cess needs to be studied. ARID4A, AT-rich interactive
domain-containing protein 4A, modulates the activity of sev-
eral transcription factors and expression of various genes
involved in hematopoiesis.”> Exome sequencing revealed
that frequent inactivating mutations in ARID4 existed in
microsatellite unstable colorectal cancer.?® Therefore, our ana-
lyses suggest that SCAMP3 inhibits PPAP2B expression to
induce metastasis, SNRK expression to suppress differentia-
tion and ARID4A expression to modulate several transcrip-
tions. PRCC, VPS72 and FLAD1 were co-upregulated with
SCAMP3 in HCC. PRCC, Proline-rich protein PRCC, was
a protein of 491 amino acids with a proline-, glycine- and
leucine-rich N-terminal region.”’ It regulated cell cycle pro-
gression through interaction with MAD2B in renal cell
carcinomas.”® VPS72 (Vacuolar protein sorting-associated
protein 72 homolog) induced the ATP-dependent exchange
of histone H2AFZ/H2B dimers for nucleosomal H2A/H2B,
resulting in transcriptional regulation of selected genes by
chromatin remodeling.”® Thus, SCAMP3 may disturb the
normal cell cycle to form tumors through PRCC. And
VPS72 may devote to induce transcriptions of some onco-
genes. FLADI is the FAD synthase that catalyzes the adenyla-
tion of flavin mononucleotide (FMN) to form flavin adenine
dinucleotide (FAD) coenzyme.’*>' Mutated FLADI corre-
lated with the patients with myopathy, scoliosis and
cataracts.>> We suspected that FLAD1 may participate in the
SCAMP3-mediated metabolic process. As these genes above
are new and there are few works of literature, further studies
should test this hypothesis.

In conclusion, the present study suggests that SCAMP3 is
upper-expressed in HCC compared with normal tissues and is
associated with several networks. SCAMP3 can be served as
a promising predictive biomarker for the prognosis of HCC.
More in-depth experiments and clinical trials are needed to
validate the value of SCAMP3 in HCC and other cancers.
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