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Hepatocellular carcinoma (HCC) remains among the most le-
thal of human cancers, despite recent advances in modern
medicine. miR-30c-5p is frequently dysregulated in different
diseases. However, the effects and the underlying mechanism
of miR-30c-5p in HCC are still elusive. Here, we show that
miR-30c-5p is downregulated in HCC and significantly associ-
ated with survival and tumor size in patients with HCC. We
demonstrate that aberrant miR-30c-5p markedly affects HCC
cell proliferation and migration. Further experiments show
that RAB32 is an essential target of miR-30c-5p in HCC. These
studies highlight an important role of miR-30c-5p in growth
and invasion of HCC and indicate that the miR-30c-5p-
RAB32 axis is an important underlying mechanism.

INTRODUCTION
Hepatocellular carcinoma (HCC) is a devastating and common dis-
ease with the third highest mortality rate globally.1 Many patients
are first diagnosed at an advanced tumor stage because of its malig-
nancy.2 Although significant progress in our understanding of HCC
has been achieved in recent decades, there are no effective methods
for patients with late-stage HCC or tumor recurrence after surgical
resection.3 The prognosis of patients remains poor. Therefore, there
is an urgent need to identify novel biomarkers for early diagnosis
and develop new therapeutic strategies for thoroughly understanding
HCC cancer biology.

RAB32, a small GTPase, is a multifunctional vesicle-associated pro-
tein.4 It is well established that RAB32 is involved in the biogenesis
of endosomal organelles, such as forming autophagic vacuoles or
lysosome-related organelles.5,6 Although recent studies have reported
that endosomal trafficking factors play a critical role in proliferation
and invasion in multiple types of cancers, little is known about the
physiological functions and regulated way of RAB32 in HCC.

MicroRNA (miRNA) is a type of short-chain non-coding regulatory
RNA.7 Thousands of miRNAs have been annotated in the human
genome since the first report, which play a vital role in immune regu-
lation, cell differentiation, and cancer progression.8,9 Mature miRNAs
are localized to the RNA-induced silencing complex (RISC),
where they direct the complex to target 30 untranslated region
(UTR) of mRNAs, preventing mRNA translation or causing its
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degradation.10,11 MiRNAs have complicated effects on cancer: some
have been shown to promote tumor progression by directly acting
on pro-apoptotic or anti-proliferative transcripts; meanwhile, some
play a critical role in tumor-suppressing effects, which have been
shown to inhibit the expression of genes that control cell differentia-
tion or apoptosis.12 Among the miRNAs, miR-30c-5p plays both
oncogenic and tumor-suppressing roles in multiple cancer types.
For example, it was reported that miR-30c-5p was significantly
decreased in gastric cancer, which suppressed invasion andmetastasis
by targeting MTA1.13 Exosome-derived miR-30c-5p relays anti-met-
astatic effects as a biomarker of clear cell renal cell carcinoma that
inhibits progression by targeting HSPA5.14 Although miR-30c-5p is
considered a potential diagnostic indicator, it has also been reported
to act as a tumor promoter in various tumor types.15,16 Inhibiting
miR-30c-5p expression offers a possible treatment of isolinderalac-
tone-induced apoptosis for triple-negative breast cancer.17 A previous
study showed that the expression profile of serum miR-30c-5p was
found to be deregulated in hepatitis C virus (HCV)-positive HCC.18

However, the effects of miR-30c-5p in HCC are still elusive. There-
fore, it is of great significance to reveal the precise molecular mecha-
nism of miR-30c-5p for understanding the pathogenesis of HCC. The
present study was designed to clarify the function of miR-30c-5p and
its downstream targets in HCC.
RESULTS
The expression of miR-30c-5p is downregulated in HCC, and

reduced miR-30c-5p expression is significantly associated with

a poor prognosis

To assess the clinical significance of miR-30c-5p expression in HCC,
we initially measured its expression in 32 paired HCC and adjacent
tissue samples with clinicopathological features. Real-time PCR re-
vealed that miR-30c-5p underwent downregulation in approximately
80% of cases (Figure 1A). The statistical results showed that miR-30c-
5p was significantly downregulated in HCC compared with adjacent
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Figure 1. Expression of miR-30c-5p is downregulated in HCC, and reduced miR-30c-5p expression is significantly associated with a poor prognosis

(A) Real-time PCR analysis of miR-30c-5p in 32 paired HCC tissues. (B) Collected data from 32 paired HCC tissues show the expression of miR-30c-5p comparedwith that in

normal tissue. (C) Real-time PCR analysis of miR-30c-5p in HCC cell lines as indicated. (D) Relative expression of miR-30c-5p in HCCwith clinical and pathological stage are

shown as boxplots. (E) Kaplan-Meier analysis of the correlation between miR-30c-5p expression and overall survival of HCC patients.
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normal tissues (Figure 1B). Detection of miR-30c-5p expression was
then performed in HCC cell lines and immortalized liver cell line. We
found that miR-30c-5p expression was lower in every HCC cell line
compared with normal liver cell line HL-7702 (Figure 1C). Clinico-
pathological analysis of miR-30c-5p expression revealed that reduced
miR-30c-5p expression was significantly negatively associated with
tumor size (T stage). However, no significant link was observed be-
tween miR-30c-5p level and age or sex (Figure 1D). Furthermore, Ka-
plan-Meier analysis showed that miR-30c-5p level was significantly
associated with overall patient survival; those patients with lower
miR-30c-5p levels had shorter overall survival (OS) (Figure 1E).
Thus, these data indicate that the expression of miR-30c-5p is down-
regulated in HCC, and reduced miR-30c-5p expression predicts poor
prognosis in HCC patients and may contribute to the progression of
HCC.

miR-30c-5p inhibits cell growth in HCC cells

To determine the significance of miR-30c-5p in HCC, we performed
loss-of-function and gain-of-function studies. According to the
expression level of miR-30c-5p in HCC cell lines, we stably knocked
down miR-30c-5p in high-miR-30c-5p-expressing HepG2 cells and
overexpressed miR-30c-5p in low-miR-30c-5p-expressing SMMC-
7721 cells by lentivirus (Figures S1A and S1B). We then examined
the effect of miR-30c-5p on cell growth of HepG2 and SMMC-7721
cells. Cell viability and colony formation assays indicated that
silencing miR-30c-5p expression significantly promoted cell growth
of HepG2, and miR-30c-5p-upregulated SMMC-7721 cells showed
largely impaired growth and formed fewer colonies compared with
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the control group (Figures 2A and 2B). To investigate the involve-
ment of miR-30c-5p in vivo, we generated xenografts of subcutane-
ously implanted miR-30c-5p and control SMMC-7721 cells into
nude mice. We found that miR-30c-5p overexpression in SMMC-
7721 cells led to significant decreases in tumor size and weight (Fig-
ure 2C). From the third week, miR-30c-5p dramatically inhibited the
growth rate of xenograft tumors (Figure 2D). Meanwhile, at week 5,
mice in the miR-30c-5p-overexpressed group had slightly less body
weight loss compared with the control group (Figure 2E). To further
determine the growth of xenograft tumors, we carried out immuno-
histochemical (IHC) analysis for Ki67, which represents tumor pro-
liferation. The results revealed that Ki67 was lower in the xenograft
tumors of the miR-30c-5p-overexpressed group compared with the
control group (Figure 2F). Collectively, these results demonstrate
that miR-30c-5p inhibits HCC cell growth and tumorigenicity
in vitro and in vivo.

miR-30c-5p reduces invasion of HCC cells

To evaluate the role of miR-30c-5p in the migration and invasion of
HCC cells, transwell assays were first carried out. The results revealed
that miR-30c-5p inhibition significantly enhanced the migration and
invasion capacities of HepG2 cells (Figure 3A). In contrast, miR-30c-
5p-overexpression cells showed significantly reduced ability to invade
and migrate in vitro (Figure 3B). The wound-healing assays also
showed that scratch-healing ability was enhanced considerably in
miR-30c-5p-inhibited HepG2 cells, whereas overexpression of miR-
30c-5p exerted the opposite effect on SMMC-7721 cells (Figures 3C
and 3D). Also, we checked epithelial-mesenchymal transition



Figure 2. miR-30c-5p reduces invasion of HCC cells

(A) Viability of HepG2 cells stably expressing anti-miR-Ctrl, anti-miR-30c-5p, or SMMC-7721 cells stably expressing Control or miR-30c-5p detected using a CCK8 assay. (B)

Representative images from the colony-forming assay (left panel) and colony number analysis (right panel) of HepG2 cells stably expressing anti-miR-Ctrl, anti-miR-30c-5p,

or SMMC-7721 cells stably expressing Control or miR-30c-5p. All experiments were performed in triplicate, and data are presented as mean ± SD. (C) Images of sub-

cutaneous tumors from the indicated groups (left panel) and weights of subcutaneous tumors from each group (right panel). (D and E) The tumor volume in each group and

body weight of the mice were measured once a week from the time of tumor implantation. n.s., not significant. (F) IHC staining of H&E and Ki67 was performed.
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(EMT)-related proteins, including E-cadherin, N-cadherin, b-cate-
nin, snail, and vimentin, in our experiment. The result showed that
anti-miR-30c-5p upregulated the expression of vimentin, b-catenin,
snail, and N-cadherin and downregulated the expression of E-cad-
herin in HepG2 cells, indicating the activation of EMT. Meanwhile,
miR-30c-5p inhibited the EMT process, as indicated by downregula-
tion of vimentin, b-catenin, snail, and N-cadherin and upregulation
of E-cadherin in SMMC-7721 cells (Figures 3E and 3F). These data
indicated that miR-30c-5p plays an essential role in suppressing inva-
sion and migration of HCC.

RAB32 is a key target gene of miR-30c-5p in HCC

To further ascertain the potential target underlying miR-30c-5p’s reg-
ulatory role in cell growth and invasion, we performed RNA
sequencing (RNA-seq) to analyze the global gene expression profile
of HepG2 cells inmiR-30c-5p-inhibited and control cells. Comparative
gene expression profiles of miR-30c-5p-inhibited and control cells
demonstrated that the expression of 989 genes was significantly
changed, of which 56.5% (559 of 989) were observed to be upregulated
(Figure 4A). We next used the computational prediction program Tar-
getScan 7.2 to predict 1,576 potential target genes of miR-30c-5p.19

Targets for the 14 genes were screened out with TargetScan 7.2, crossed
with the 559 upregulated differentially expressed genes (Figure 4B).
We then verified the results using real-time PCR and identified genes
that were regulated by miR-30c-5p. Among these targets, RAB32
mRNA levels were upregulated in miR-30c-5p-inhibited cells and
downregulated in miR-30c-5p-overexpressed cells (Figure 4C; Fig-
ure S2). Meanwhile, RAB32 protein levels were increased upon miR-
30c-5p inhibition, and vice versa (Figure 4D). Also, the expression level
of RAB32 was significantly downregulated in miR-30c-5p-overex-
pressed tumor xenografts (Figure 4E). Furthermore, we evaluated the
30 UTR sequences of RAB32 and found that this complementary site
is highly conserved in Homo sapiens (Figure 4F). This result implies
that RAB32 may be directly epigenetically regulated by miR-30c-5p.
Moreover, using a RAB32 30 UTR reporter luciferase assay, we found
that a significant increase of the relative luciferase activity was observed
Molecular Therapy: Nucleic Acids Vol. 26 December 2021 605
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Figure 3. miR-30c-5p reduces invasion of HCC cells

(A) HepG2 cells stably expressing anti-miR-Ctrl or anti-miR-30c-5p were analyzed using a transwell assay with or without Matrigel. All experiments were performed in

triplicate, and data are presented as mean ± SD. (B) SMMC-7721 cells stably expressing Control or miR-30c-5p were analyzed using a transwell assay with or without

Matrigel. All experiments were performed in triplicate, and data are presented as mean ± SD. (C) HepG2 cells stably expressing anti-miR-Ctrl or anti-miR-30c-5p were

analyzed using awound-healing assay. All experiments were performed in triplicate, and data are presented asmean ±SD. (D) SMMC-7721 cells stably expressing Control or

miR-30c-5p were analyzed using a wound-healing assay. All experiments were performed in triplicate, and data are presented as mean ± SD. (E and F) Expression of EMT-

related proteins after inhibition or overexpression of miR-30c-5p in SMMC-7721 or HepG2 cells, respectively.
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in miR-30c-5p-inhibited HepG2 cells. In contrast, upregulated miR-
30c-5p largely reduced luciferase activity. Meanwhile, mutation of
miR-30c-5p binding sites within RAB32 30 UTR abolished the effects
of miR-30c-5p or anti-miR-30c-5p (Figure 4G). Taken together, these
data suggest that RAB32 is a direct target of miR-30c-5p in HCC cells.

RAB32 is responsible for themiR-30c-5p-related cell growth and

invasion of HCC

Previous studies have concluded that miR-30c-5p is correlated with
the cell growth and invasion capacities of HCC cells. To assess
whether RAB32 is responsible for these capacities, we knocked
down RAB32 in miR-30c-5p-silenced HCC cells (Figure 5A).
RAB32 knockdown reduced cell viability and colony formation
compared with control. Meanwhile, RAB32 silencing in the miR-
30c-5p-inhibited cells abrogated the increase of cell viability and col-
ony formation compared with that of the control cells (Figures 5B and
5C). Furthermore, the transwell and wound-healing assays revealed
that RAB32 knockdown also significantly suppressed the miR-30c-
5p inhibition-dependent increase of HCC cells’ invasion and
migration capacities (Figures 5D and 5E). To rule out the potential
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off-target effects of short hairpin RNA (shRNA), a shRNA-resistant
RAB32 plasmid was construct and verified in RAB32-silenced
HepG2 cells (Figure S4). These findings demonstrated that RAB32
is the effector and responsible for miR-30c-5p-related cell growth
and invasion of HCC cells.

Aberrant expression of RAB32 in HCC

In order to verify the role of RAB32 in HCC, we next examined its
expression in paired HCC and adjacent tissue samples. Real-time
PCR in 16 cases with paired HCC and adjacent normal tissues revealed
that the RAB32 mRNA level was significantly higher in HCC tissues
compared with adjacent normal tissues (Figure 6A). Considering
that miR-30c-5p regulates RAB32 at the RNA level, we hence analyzed
a TCGA (The Cancer Genome Atlas) dataset including 423 HCC pa-
tients with RAB32 mRNA expression.20 Given that RAB32 was the
direct target of miR-30c-5p, we hypothesized that high RAB32 expres-
sion might be associated with poor survival. In fact, the RAB32 level in
cancer was also higher on the basis of the TCGA/GTEx (Genotype-Tis-
sue Expression) dataset (Figure S3).21 Also, enhanced RAB32 level was
significantly associated with advanced tumor stage (Figure 6B).



Figure 4. RAB32 is a key target gene of miR-30c-5p in HCC

(A) Differentially expressed genes with more than 2-fold expression change in HepG2 cells treated with anti-miR-30c-5p compared with anti-control. (B) Schematic diagram

of miR-30c-5p downstream analysis.

(C)Real-timePCRanalysis of the top14genes inHepG2cells expressinganti-miR-Ctrl or anti-miR-30c-5pand inSMMC-7721cells expressingControl ormiR-30c-5p. (D)Western

blotting of RAB32 in HepG2 cells expressing anti-miR-Ctrl, anti-miR-30c-5p, Control, or miR-30c-5p. (E) RAB32 expression level was quantified in control or miR-30c-5p over-

expressed tumorxenografts. (F) Sequencealignment ofmiR-30c-5pwithWTormutant 30 UTRofhumanRAB32mRNA.Bindingsiteandseed regionofmiR-30c-5pare indicated in

red. (G) Effect of miR-30c-5p and anti-miR-30c-5p on the activity of WT or mutant RAB32 30 UTR luciferase reporter plasmid measured using luciferase assay in HepG2 cells.
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Moreover, Kaplan-Meier analysis showed that patients with higher
expression of RAB32 had shorter OS, disease-free interval (DFI), dis-
ease-specific survival (DSS), and progression-free interval (PFI) than
patients with lower RAB32 expression (Figures 6C–6F). Taken
together, the expression of RAB32 is elevated in HCC, and the
enhanced level of RAB32 predicts poor prognosis in HCC patients.

DISCUSSION
HCC continues to be a highly lethal malignancy, despite the use of
surgical intervention and novel medication. HCC progresses insidi-
ously and rapidly, so that some patients are already at an advanced
tumor stage when first diagnosed. Hence the 5 year survival of
HCC is still low.1–3 As a non-coding RNA regulating gene expression
at translational or posttranslational levels, miRNA is considered to
play a key role in various diseases, especially in cancer.22 Therefore,
those miRNAs can be considered novel diagnostic and prognostic
biomarkers.23 In previous studies, the expression of miR-30c-5p
was tissue specific, and it exerted both oncogenic and tumor-sup-
pressing roles in different types of cancer.13,14,16,17 It was reported
that aberrant expression of miR-30c was a potential early diagnostic
Molecular Therapy: Nucleic Acids Vol. 26 December 2021 607
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Figure 5. RAB32 is responsible for miR-30c-5p-related cell growth and invasion of HCC

(A) Relative expression level of RAB32 measured using western blot. (B) Representative images from the colony-forming assay (left panel) and colony number analysis (right

panel) as indicated. All experiments were performed in triplicate, and data are presented as mean ± SD. (C) Viability of HepG2 cells with or without RAB32 knockdown in the

absence or presence of miR-30c-5p inhibition analyzed using the CCK8 assay. (D) HepG2 cells with or without RAB32 knockdown in the absence or presence of miR-30c-5p

inhibition were analyzed in a transwell assay with or without Matrigel. All experiments were performed in triplicate, and data are presented as mean ± SD. Scale bar: 200 mm.

(E) HepG2 cells with or without RAB32 knockdown in the absence or presence of miR-30c-5p inhibition were analyzed in a wound-healing assay. All experiments were

performed in triplicate, and data are presented as mean ± SD.
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Figure 6. Aberrant expression of RAB32 in HCC

(A) Real-time PCR analysis of RAB32 in 16 paired HCC tissues. (B) Relative expression of RAB32 in HCC with clinical and pathological stage are shown as boxplots on the

basis of TCGA data. (C–F) Kaplan-Meier analysis of the correlation between relative expression of RAB32 and overall survival, disease-free interval, disease-specific survival,

and progression-free interval of HCC patients.
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marker in HCC.18,24 Meanwhile, miR-30c downregulation was asso-
ciated with HCV core protein-induced EMT in HCC cells.25 In our
study, we demonstrated that the expression of miR-30c-5p is down-
regulated in HCC, and reduced miR-30c-5p expression predicts
poor prognosis in HCC patients. This result is in line with our data
that miR-30c-5p-overexpressed HCC cells showed reduced cell
growth, invasion, and wound-healing capacities. Both sets of data
thus indicate a tumor-suppressive function of miR-30c-5p in HCC.

MiRNA regulates target gene expression at translational or posttransla-
tional levels via mRNA decay and translational repression, and each
miRNA could potentially target multiple mRNAs.26 Currently known
targets of miR-30c-5p include MTA1,13 HSPA5,14 FOXO3,27

SOCS3,28 FASN,29 Malic Enzyme 1,30 SOCS1,31 and PNS.32 In order
to explore the underlyingmechanism, RNA-seq and the computational
prediction program TargetScan were used for primary screening, and
qPCRwasused for verification in our study.RAB32, oneof the 14candi-
date targets screened out with TargetScan 7.2 crossed with the 559
upregulated differentially expressed genes, has been shown to be pro-
foundly regulated by miR-30c-5p in HCC. We confirmed that forced
expression of miR-30c-5p significantly reduced RAB32 expression at
both the mRNA and protein levels in HCC cells. Furthermore, because
of the typical seed sequence in the 30 UTRofRAB32, RAB32was a direct
target of miR-30c-5p in HCC, as demonstrated by luciferase assays.
RAB32 is considered to regulate various intracellular membrane-
trafficking events in many cell types.4,5 Endosome-mediated mem-
brane trafficking by RAB32 plays pivotal roles in protection events
and mechanisms against several pathogenic microbial infections.4,33

RAB32 was found to facilitate the assembly of HCV, and HCV
infection concomitantly increased RAB32 expression at the tran-
scriptional level.34 RAB32 also plays a role in various type of can-
cers. Drizyte-Miller et al.35 reported that RAB32 activated mTORC1
signaling, regulating autophagy and promoting cell proliferation,
viability, and size in Hep3B and HeLa cells. Bao et al.36 reported
that RAB32 inhibited proliferation and migration and promoted
apoptosis in K562 cells. In this study, we showed that RAB32 was
involved in HCC progression, and it is the effector responsible for
miR-30c-5p-related cell growth and invasion of HCC cells.
Although it was reported that RAB32 inactivation due to hyperme-
thylation was significantly associated with the oncogenic pathway of
microsatellite-unstable gastrointestinal adenocarcinomas,37 in our
data we demonstrated that the expression of RAB32 is activated,
and enhanced levels of RAB32 predict poor prognosis in HCC
patients.

Accordingly, we propose that miR-30c-5p inhibits cell growth and in-
vasion, and reduced expression of miR-30c-5p plays a crucial role in
HCC progression by targeting RAB32 (Figure S5). Because of the
Molecular Therapy: Nucleic Acids Vol. 26 December 2021 609
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deficiency of effective therapy for treating HCC, the findings reported
in this study suggest that miR-30c-5p and its target RAB32 may be
promising targets in the future development of HCC treatments.
MATERIALS AND METHODS
Cell lines, samples, and chemicals

Human HCC cells (HepG2 and Huh7) were purchased from Amer-
ican Type Culture Collection (Manassas, VA). Human HCC cells
(Hep3B, SMMC-7721, and HCC-LM3) and immortalized liver cell
line (HL-7702) were kindly provided by the Department of Biliary-
Pancreatic Surgery, Affiliated Tongji Hospital, Tongji Medical Col-
lege, Huazhong University of Science and Technology. Cells were
cultured in Dulbecco’s modified Eagle’s medium (DMEM) with
10% fetal bovine serum (FBS) at 37�C in a 5% CO2 incubator. Thir-
ty-two HCC samples and matched non-tumor tissues were consecu-
tively collected from patients undergoing curative resection between
September 2005 andMay 2019 at the Department of General Surgery,
The First College of Clinical Medical Science, China Three Gorges
University, Yichang Central People’s Hospital (Table S1). miR-30c-
5p inhibitor, its control (referred to as anti-miR Ctrl), miR-30c-5p
mimic, and corresponding negative control were purchased from Ri-
boBio (Guangzhou, China). The primary antibodies used in this work
were as follows: anti-E-cadherin (60335-1-Ig) was obtained from Pro-
teintech Group (Chicago, IL); anti-RAB32 (ab251764) and anti-Ki67
(ab15580) were purchased from Abcam; and anti-b-actin (3700S),
anti-N-cadherin (13116S), anti-Snail (3879P), anti-Vimentin
(5741P), and anti-b-catenin (8480P) were obtained from Cell
Signaling Technology (Beverly, MA).
Real-time PCR

Total RNA was extracted from cells or tissues using a TRIzol kit ac-
cording to standard procedures. RNA was reverse-transcribed to
cDNA using a TaqMan MicroRNA Reverse Transcription Kit
(Applied Biosystems, Carlsbad, CA) or a PrimeScript Reverse Tran-
scription Kit (Takara, Maebashi, Japan). Quantitative real-time
PCR was performed using TaqMan MicroRNA Assays (Applied
Biosystems) or the SYBR Green real-time PCR Premix (Takara) ac-
cording to the manufacturer’s instructions. All values were normal-
ized to U6 or GAPDH endogenous controls, respectively, and run
in triplicate. Primer of U6 and miR-30c-5p were chemically synthe-
sized by RiboBio. The sequences of primers can be found in Table
S2. Amplification and detection were performed using a CFX96
Real-Time PCR System (Bio-Rad, Hercules, CA).
Generation of stable cell lines

Lentiviruses harboring miR-30c-5p inhibitor, miR-30c-5p mimic,
and their respective controls (referred to as anti-Ctrl and Control,
respectively) were obtained from GeneChem (GenePharma,
Shanghai, China). Transfection of lentivirus was performed accord-
ing to the manufacturer’s instructions. Briefly, after transfection
with lentivirus for 48 h with 5 mg/mL polybrene (GenePharma),
cells were cultured with 5 mg/mL puromycin (Sigma-Aldrich) for
2 weeks.
610 Molecular Therapy: Nucleic Acids Vol. 26 December 2021
shRNA and transfection

To generate the shRNA plasmid, fragments of shRNA target were
cloned into the pLKO.1. The specific RAB32 shRNA target was 50-
CCGGCATTTGAGGCAGTCTTAAAATCTCGAGATTTTAAGAC
TGCCTCAAATGTTTTTG-30. Cells were transfected with Lipofect-
amine 3000 and Opti-MEM (Invitrogen, Carlsbad, CA) according
to the manufacturer’s instructions.

Cell viability and colony formation assays

For cell viability assay, cells were cultured in a 96-well plate with a
concentration of 2,000 cells per well. At the indicated time points,
the Cell Counting Kit-8 (Beyotime Institute of Biotechnology) was
added to each well, and the cells were incubated at 37�C for 2 h,
and then the plate was measured using a microplate reader
(ELx800, BioTek, Winooski, VT) at 450 nm. For colony formation
assay, cells (1,000/well) were seeded in a 6-well plate. After
14 days’ culture, the cells were fixed in 4% paraformaldehyde,
stained with 0.5% crystal violet, and photographed to quantify
the colonies.

Transwell and wound healing assays

For transwell assay, 24-well transwell plates (8 mm pore size; Corn-
ing, Corning, NY) were used. Cells (1 � 105/mL) were suspended in
200 mL medium containing 0.1% bovine serum albumin into the up-
per chamber with or without Matrigel (BD Biosciences, San Jose,
CA), and 500 mL of medium containing 10% FBS was added to
the lower chambers. After 24 h co-culture, the cells on the top
side of the chamber were scraped off, and the cells on the lower sur-
face of the membrane were fixed in 4% paraformaldehyde and
stained using 0.1% crystal violet. Then, the stained cells were
counted under a Nikon light microscope (Nikon Corporation, To-
kyo, Japan). Photographs of five random fields across three replicate
wells under 200� magnification were captured for analysis. For
wound-healing assay, monolayer cells were scratched with a sterile
plastic tip with a 95% confluence rate, washed with PBS three times,
and cultured for 24 h with serum-free medium. Photographs of five
random fields across three replicate wells were captured for analysis
under a Nikon light microscope.

RNA-seq

Total RNA from the indicated cell samples was sent to Sangon
Biotech (Shanghai, China) for sequencing. Briefly, the RNA was
sheared and reverse-transcribed using random primers to obtain
cDNA, which was used for library construction. Sequencing
was performed on the prepared library using the HiseqXTen
platform (Illumina, San Diego, CA). After quality control of raw
data, DESeq2 was used to analyze significantly differentially ex-
pressed genes with statistical cutoffs at q < 0.05 and |log fold
change (FC)| > 2. The 989 differentially expressed genes are listed
in Table S3.

Protein isolation and western blot

Cells were washed with PBS twice and lysed in RIPA buffer (Boster
Biological Technology, Wuhan, China) containing protease inhibitor
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cocktail (Beyotime, Haimen, China) on ice for 30 min. After centrifu-
gation at 20,000 � g for 15 min, supernatant was collected, and a
bicinchoninic acid assay (BCA) kit (Beyotime) was used to quantify
the protein. Fifteen micrograms of each sample was subjected to
SDS-polyacrylamide gel electrophoresis (PAGE) and transferred to
polyvinylidene fluoride (PVDF) membranes. After blocking with
5% skim milk for 1 h, membranes were incubated overnight at 4�C
with primary antibodies (1:500–1:1,000). After washing with TBST
three times, membranes were incubated with horseradish peroxidase
secondary antibody (1:5,000; Beyotime) for 1 h and detected using
SuperSignal West Pico Chemiluminescent Substrate (Thermo Fisher
Scientific, Waltham, MA) and Image Lab software (Bio-Rad).
Luciferase reporter assay

To construct RAB32 30 UTR wild-type or mutated luciferase reporter
plasmids, the full-length 30 UTR of RAB32 mRNA was cloned into
psi-CHECK2 luciferase reporter vector (Promega, Madison, WI).
The mutant Rab32 30 UTR plasmid was constructed by deleting the
miR-30c-5p-targeting sequence (UGUUUAC) in the 30 UTR. Lipo-
fectamine 3000 was used for co-transfection of reporter plasmids
and miR-30c-5p, anti-miR-30c-5p, and control into HepG2 cells. Af-
ter 48 h, luciferase activity was detected using the dual-luciferase re-
porter assay system (Promega) according to manufacturer’s
instructions.
Tumor xenografts

All experimental procedures were approved by the Institutional An-
imal Care and Use Committee of Shiyan People’s Hospital of Bao’an
Distict. Six-week-old BALB/c nude mice were randomly divided into
two groups (n = 4 per group). Indicated stably transfected SMMC-
7721 cells (2 � 106/mL) were subcutaneously injected into the upper
right flank of nude mice. Tumor size and body weight of the mice
were measured once a week from the time of implantation. Tumor
volume was calculated using the following formula: volume
(mm3) = length � width2/2. Six weeks after injection, all mice were
sacrificed, and tumor xenografts were harvested and embedded in
paraffin, cut into 5 mm sections, and subjected to immunohistochem-
istry staining for hematoxylin and eosin (H&E), Ki67, caspase-3, and
Rab32.
Expression profiling in TCGA dataset

TCGA HCC mRNA gene expression data were downloaded from
University of California, Santa Cruz (UCSC), Xena at https://
xenabrowser.net/ and GEPIA 2 at http://gepia2.cancer-pku.cn. The
gene expression profile was analyzed using the IlluminaHiSeq pancan
normalized pattern.
Statistical analysis

All data are presented as the mean ± SD. Significance was evalu-
ated using Student’s t test using GraphPad Prism 5 software
(GraphPad, La Jolla, CA) and SPSS 22.0 software (SPSS, Chicago,
IL). p values < 0.05 were considered to indicate statistical
significance.
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