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Abstract
Objective To investigate the effects of retrovirus-mediated short hairpin RNA
(shRNA) interference targeting migration-inducing gene 7 (Mig-7) on vascu-
logenic mimicry (VM) formation and in vitro invasion and metastasis capa-
bilities of hepatocellular carcinoma (HCC) cells. Methods Two Mig-7 mRNA
oligonucleotide sequences (Mig-7 shRNA-1, Mig-7 shRNA-2) and one unrelated
sequence serving as a negative control (Mig-7 shRNA-N) were designed. Mig-7
shRNA retroviral expression vector plasmids were constructed, and human hep-
atocellular carcinoma MHCC-97H cells to be transfected were divided into six
groups: Mig-7 shRNA-1 transfection group; Mig-7 shRNA-2 transfection group;
Mig-7 shRNA-N transfection group; empty vector transfection group (Vector);
recombinant human endostatin (ES, trade name: Endostar) group; and MHCC-
97H cell control group (Control). Semi-quantitative PCR and Western blot
were employed to detect the effects on Mig-7 expression; three-dimensional cell
culture was used to observe the effects on VM formation; and cell-cell adhesion
assay, Transwell invasion assay, and migration assay were utilized to exam-
ine the effects on cell adhesion, invasion, and migration capabilities. Results
Following transfection, the expression of Mig-7 mRNA and protein, the VM
formation capability of MHCC-97H cells, and cellular invasion and migration
capabilities were significantly reduced in the Mig-7 shRNA-1 and Mig-7 shRNA-
2 groups (P<0.05), whereas cell-cell adhesion capability was significantly en-
hanced (P<0.05). In the Mig-7 shRNA-N, Vector, and ES groups, the expres-
sion of Mig-7, VM formation, cell-cell adhesion, migration, and invasion capa-
bilities of MHCC-97H cells exhibited no significant alterations compared with
the MHCC-97H cell control group. Conclusion Retrovirus-mediated shRNA can
effectively downregulate Mig-7 expression and markedly suppress VM formation
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capability and invasion-metastasis capability of HCC cells while enhancing cell-
cell adhesion. ES demonstrates no significant effect on Mig-7 expression, VM
formation, invasion-metastasis, or adhesion capabilities of HCC cells.
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Abstract
Objective: To investigate the effects of retrovirus-mediated short hairpin RNA
(shRNA) interference targeting migration-inducing gene 7 (Mig-7) on vasculo-
genic mimicry (VM) formation and in vitro invasion and metastasis of hepato-
cellular carcinoma (HCC) cells. Methods: Two Mig-7 mRNA oligonucleotide
sequences (Mig-7 shRNA-1, Mig-7 shRNA-2) and one negative control sequence
(Mig-7 shRNA-N) were designed. Mig-7 shRNA retroviral expression plasmids
were constructed and used to transfect human HCC cell line MHCC-97H, which
was divided into six groups: Mig-7 shRNA-1 transfection group, Mig-7 shRNA-
2 transfection group, Mig-7 shRNA-N transfection group, empty vector trans-
fection group (Vector), recombinant human endostatin (ES, trade name: En-
dostar) group, and MHCC-97H cell control group (Control). Semi-quantitative
PCR and Western blotting were performed to detect Mig-7 expression; three-
dimensional cell culture was used to observe VM formation; and intercellular
adhesion assay, Transwell invasion assay, and migration assay were conducted to
evaluate cell adhesion, invasion, and migration capabilities. Results: Following
transfection, Mig-7 mRNA and protein expression, VM formation capacity, and
cell invasion and migration abilities were significantly decreased in both Mig-7
shRNA-1 and Mig-7 shRNA-2 groups (P<0.05), while intercellular adhesion was
markedly increased (P<0.05). No significant changes in Mig-7 expression, VM
formation, adhesion, migration, or invasion were observed in the Mig-7 shRNA-
N, Vector, ES, or Control groups. Conclusions: Retrovirus-mediated shRNA
effectively downregulates Mig-7 expression and significantly inhibits VM forma-
tion and invasion-metastasis capacity in HCC cells while enhancing intercellular
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adhesion. ES showed no significant effect on Mig-7 expression, VM formation,
invasion, metastasis, or adhesion in HCC cells.

Keywords: vasculogenic mimicry; migration-inducing gene 7; hepatocellular
carcinoma; invasion; metastasis

Introduction
Hepatocellular carcinoma (HCC) accounts for 91.5% of primary liver cancer
(PLC) and has a poor prognosis, with an overall 5-year survival rate of less
than 5% [1-2]. The high mortality is primarily attributed to high metastatic
potential and postoperative recurrence rates [3-4]. Consequently, anti-invasion
and anti-metastasis strategies have become crucial therapeutic approaches for
improving HCC prognosis.

Vasculogenic mimicry (VM) represents a distinct tumor microcirculation pat-
tern that differs from classical tumor angiogenesis and operates independently
of vascular endothelial cells, playing a significant role in tumor growth and
metastasis [5-6]. However, conventional anti-vascular therapies targeting vas-
cular endothelial cells (VEC) are ineffective against VM [7], and the tumor
hypoxia induced by such treatments may paradoxically promote VM formation
[8], thereby increasing opportunities for tumor invasion and metastasis through
this alternative pathway. Therefore, anti-VM strategies must be integrated into
anti-angiogenic therapy, making the identification of therapeutic targets for VM
highly significant in HCC treatment.

Migration-inducing gene 7 (Mig-7) encodes a cysteine-rich protein localized to
the cell membrane of various tumor cells and plays an important role in tumor
plasticity and VM formation [9-10]. Mig-7 is not expressed in normal tissues
or low-invasive tumor cells lacking VM capacity but is specifically expressed in
highly invasive tumor cells capable of forming VM [11-12]. Current studies have
linked Mig-7 to VM formation in gastric cancer [13], yet reports on its influence
on VM formation and invasion-metastasis capacity in HCC remain scarce.

Based on preliminary experiments, we hypothesized that Mig-7 serves as a criti-
cal regulator of VM formation and invasion-metastasis in HCC, representing an
ideal target for malignant tumor therapy. This study constructed specific Mig-7
shRNA retroviral expression vectors to transfect Mig-7-high-expressing human
HCC cell line MHCC-97H, aiming to observe the effects on Mig-7 expression,
VM formation capacity, and cell adhesion, invasion, and migration abilities.

Materials and Methods
1.1 Experimental Materials

Human HCC cell line MHCC-97H was purchased from the Liver Cancer In-
stitute of Zhongshan Hospital, Fudan University. Rabbit anti-human Mig-7
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antibody was obtained from Abcam (USA). Primers were designed and synthe-
sized by Takara Bio. Lipofectamine™ 2000 Reagent was purchased from Invit-
rogen (USA). Matrigel was from BD Biosciences (USA). Transwell chambers
were from Corning (USA). Recombinant human endostatin (ES, trade name:
Endostar) was from Simcere-Medgen Bio-Pharmaceutical Co.

1.2 shRNA Design and Synthesis

The human Mig-7 mRNA sequence (GenBank: DQ080207.2) was obtained from
GenBank. Based on shRNA design principles [14], sequences targeting the cod-
ing sequence (CDS) region of Mig-7 mRNA were designed. BLAST analysis was
performed against the human genome database to exclude sequences with sig-
nificant homology to other genes. Three sequences were designed, including two
Mig-7 mRNA oligonucleotide sequences (Mig-7 shRNA-1, Mig-7 shRNA-2) and
one negative control unrelated sequence (Mig-7 shRNA-N). Mig-7 shRNAs were
designed, synthesized, and fluorescently labeled by Takara Bio. The sequences
were as follows:

• Mig-7 shRNA-1
Sense: 5’-GATCCAAAGTTTCATTCTTCGACTTCAAGAGAGTCGAAGAAATGAAACTTTTTTTTTG-
3’
Antisense: 3’-GTTTCAAAGTAAGAAGCTGAAGTTCTCTCAGCTTCTTTACTTTGAAAAAAAAACTTAA-
5’

• Mig-7 shRNA-2
Sense: 5’-GGATCCCACAGCTTGAGTGGAATACTTCAAGAGAGTATTCCACTCAAGCTGTGTTTTTTG-
3’
Antisense: 3’-GGTGTCGAACTCACCTTATGAAGTTCTCTCATAAGGTGAGTTCGACACAAAAAACTTAAG-
5’

• Mig-7 shRNA-N
Sense: 5’-GGATCCTGATAAACGAACTGCGCGTTTCAAGAGAACGCGCAGTTCGTTTATCATTTTTTG-
3’
Antisense: 3’-GACTATTTGCTTGACGCGCAAAGTTCTCTTGCGCGTCAAGCAAATAGTAAAAAACTTAAG-
5’

1.3 Mig-7 shRNA Transfection of MHCC-97H Cells

MHCC-97H cells were routinely cultured in DMEM high-glucose medium con-
taining 10% FBS at 37°C in a 5% CO� incubator. Twenty-four hours before
transfection, cells were seeded at 4×10�/mL (0.5 mL/well) in 24-well plates and
cultured overnight. When cells reached 80-90% confluence, transfection was per-
formed using Lipofectamine™ 2000 according to the manufacturer’s instructions.
MHCC-97H cells were divided into four groups: (1) Mig-7 shRNA-1 transfection
group; (2) Mig-7 shRNA-2 transfection group; (3) Mig-7 shRNA-N transfection
group; (4) empty vector transfection group (Vector). At 24 h post-transfection,
green fluorescence protein expression was observed under a fluorescence micro-
scope. Ten random fields were selected per group, and transfection efficiency
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was calculated as the percentage of green fluorescence-positive cells relative to
total cell count.

1.4 Semi-Quantitative PCR Detection of Mig-7 mRNA Expression

Cells were divided into six groups: (1) Mig-7 shRNA-1; (2) Mig-7 shRNA-
2; (3) Mig-7 shRNA-N; (4) Vector; (5) ES group (treated with 125
�g/mL ES [15]); and (6) MHCC-97H cell control group (Control). To-
tal RNA was extracted and reverse-transcribed into cDNA for target
gene amplification. PCR conditions were: 94°C denaturation for 10
s, annealing and extension for 30 s, for 40 cycles. Primer sequences
were: �-actin (sense: 5’-ATCGTGCGTGACATTAAGGAGAAG-3’, an-
tisense: 5’-AGGAAGGAAGGCTGGAAGAGTG-3’) and Mig-7 (sense: 5’
-TCTCAGGCAGTCAGTGGG-3’, antisense: 5’-GTTGGATGGGATGTCTCG-
3’).

1.5 Western Blotting

Experimental groups were identical to those in section 1.4. Following trans-
fection, proteins were extracted and separated by 0.1% SDS-10% PAGE, then
transferred to nitrocellulose membranes. Membranes were blocked with 5%
skim milk in TBST for 2 h, incubated overnight at 4°C with primary antibodies
(Mig-7, 1:200; �-actin, 1:500), washed with TBST, then incubated with HRP-
conjugated secondary antibodies (anti-rabbit, 1:1000; anti-mouse, 1:1000) for 2
h at room temperature. After TBST washes, bands were visualized using an
ECL chemiluminescence kit.

1.6 Three-Dimensional Cell Culture for VM Formation

Experimental groups were identical to those in section 1.4. Fifty microliters of
Matrigel was added to 6-well plates and allowed to solidify for 30 min at room
temperature. Subsequently, 100 �L of complete culture medium containing cells
at 1×10�/mL was added to each well, followed by 2 mL of complete medium.
Plates were incubated at 37°C in a 5% CO� incubator.

1.7 Cell Adhesion, Invasion, and Migration Assays

1.7.1 Intercellular Adhesion Assay Experimental groups were identical to
those in section 1.4. Single-cell suspensions were prepared at 1×10�/mL, and
1 mL aliquots were placed in 1.5 mL EP tubes (5 tubes per group). After
incubation at 37°C for 12 h, cell counts were performed at 2, 6, and 12 h.
Intercellular adhesion capacity was evaluated as the percentage of remaining
single cells relative to total cells; lower percentages indicated stronger cell-cell
adhesion.

1.7.2 Transwell Invasion Assay Experimental groups were identical to
those in section 1.4. Transwell chambers were placed in 24-well plates, coated
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with 10 �g/well Matrigel, and incubated at 37°C for 4 h to allow gel solidifi-
cation. Cells were digested and resuspended at 1×10�/mL, and 400 �L of cell
suspension was added to the upper chamber, while the lower chamber received
DMEM with 10% FBS. After 20 h incubation at 37°C with 5% CO�, cells were
fixed with methanol and stained with crystal violet. Cells on the underside
of the microporous membrane were counted under a light microscope in five
random fields.

1.7.3 Migration Assay Experimental groups were identical to those in sec-
tion 1.4. After transfection, cells were digested and seeded at 1.0×10� cells per
well (100 �L cell suspension) in the upper chamber, with 20% FBS-containing
medium in the lower chamber. Following 24 h incubation, cells on the upper
surface of the membrane were carefully removed with a cotton swab, while cells
adhered to the lower surface were fixed with methanol and stained with crystal
violet. Observation and counting methods were identical to those in section
1.7.2.

1.8 Statistical Analysis

All data were analyzed using SPSS 20.0 software. Measurement data are ex-
pressed as mean ± standard deviation. Comparisons among multiple groups
were performed using ANOVA followed by pairwise comparisons. P<0.05 was
considered statistically significant.

Results
2.1 Efficient Retroviral Transfection of MHCC-97H Cells

The retroviral vector system used in this study carries green fluorescence protein,
enabling visualization of transfection efficiency under an inverted fluorescence
microscope [Figure 1: see original paper]. All groups (Mig-7 shRNA-1, Mig-
7 shRNA-2, Mig-7 shRNA-N, and Vector) exhibited >90% stable transfection
with green fluorescence-positive cells, demonstrating that the retroviral vector
system efficiently and stably infected MHCC-97H cells.

2.2 Mig-7 shRNA Inhibits Mig-7 mRNA and Protein Expression in
MHCC-97H Cells

Semi-quantitative PCR [FIGURE:2A, B] revealed that Mig-7 mRNA levels were
significantly reduced in both Mig-7 shRNA-1 and Mig-7 shRNA-2 groups, with
the most pronounced decrease in the Mig-7 shRNA-1 group. Western blotting
[Figure 2C: see original paper] confirmed marked reductions in Mig-7 protein
levels in both shRNA groups, again most notably in the Mig-7 shRNA-1 group.
These results demonstrate that the constructed Mig-7 shRNA effectively sup-
pressed Mig-7 expression at both mRNA and protein levels.
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2.3 Mig-7 shRNA Inhibits VM Formation Capacity in MHCC-97H
Cells

Three-dimensional cell culture [Figure 3: see original paper] showed that cells in
Mig-7 shRNA-1 and Mig-7 shRNA-2 groups adhered in clusters without forming
VM structures. In contrast, VM formation in the Mig-7 shRNA-N group was
comparable to that in the Vector, ES, and Control groups. These findings indi-
cate that Mig-7 interference significantly inhibited the VM formation capacity
of MHCC-97H cells.

2.4 Mig-7 shRNA Enhances Intercellular Adhesion in MHCC-97H
Cells

Intercellular adhesion assay results [Figure 4: see original paper] demonstrated
that adhesion capacity was significantly stronger in Mig-7 shRNA-1 and Mig-7
shRNA-2 groups compared to all other groups (P<0.05), with Mig-7 shRNA-
1 showing greater enhancement than Mig-7 shRNA-2 (P<0.05). No significant
differences were observed among the remaining four groups (P>0.05), indicating
that Mig-7 downregulation increases cell-cell adhesion.

2.5 Mig-7 shRNA Reduces Invasive Capacity of MHCC-97H Cells

Transwell invasion assay results [FIGURE:5, FIGURE:6A] showed that the num-
ber of cells penetrating the membrane was significantly lower in Mig-7 shRNA-1
and Mig-7 shRNA-2 groups compared to other groups (P<0.05). No signifi-
cant differences were found among Mig-7 shRNA-N, Vector, ES, and Control
groups (P>0.05), demonstrating that Mig-7 downregulation markedly reduces
MHCC-97H cell invasiveness.

2.6 Mig-7 shRNA Reduces Migration Capacity of MHCC-97H Cells

Cell migration assay results [Figure 6B: see original paper] revealed no signifi-
cant differences among groups at 12 h (P>0.05). However, at 24 h, migration
capacity was significantly weaker in Mig-7 shRNA-1 and Mig-7 shRNA-2 groups
compared to other groups (P<0.05), with Mig-7 shRNA-1 showing greater inhi-
bition than Mig-7 shRNA-2 (P<0.05). No significant differences were observed
among Mig-7 shRNA-N, Vector, ES, and Control groups (P>0.05). The ratio of
invasive to migratory cell numbers at 24 h [Figure 6C: see original paper] further
confirmed that Mig-7 shRNA significantly decreased the invasion-metastasis ca-
pacity of MHCC-97H cells.

Discussion
Tumor vasculature plays a crucial role in tumor growth, invasion, and metas-
tasis. However, the discovery of VM has complicated anti-vascular therapy for
cancer. As an important supplement to tumor microcirculation, VM provides
additional nutrients and invasion-metastasis channels for tumors. Studies have

chinarxiv.org/items/chinaxiv-201712.00273 Machine Translation

https://chinarxiv.org/items/chinaxiv-201712.00273


shown that VM is associated with invasion and metastasis in multiple malig-
nant tumors, and tumors with VM formation often have poor prognosis [9, 12].
Therefore, investigating VM formation mechanisms and exploring VM-specific
targets holds significant clinical importance.

Current research on VM formation mechanisms has focused on factors includ-
ing VE-cadherin [16-17], EphA2 [18], PI3K [19-20], MMPs [9, 12], laminin-5�2
chain [19], HIF-1� [22], and focal adhesion kinase [23]. However, the precise
mechanisms underlying VM formation require further investigation.

With the advent of the“Precision Medicine Initiative”driven by DNA sequencing
and genomic technologies, the era of genetic applications in life sciences has truly
arrived. Identifying genes specifically targeting VM to inhibit VM formation and
tumor cell invasion-metastasis represents a current research focus in HCC.

Mig-7 is a newly discovered human gene located at 1p22.1, with a full-length
cDNA of 1617 bp encoding a cysteine-rich protein [11]. Studies have shown
that increased Mig-7 expression enhances invasiveness in colon cancer, endome-
trial cancer, lung cancer, gastric cancer, and epithelial ovarian cancer, while its
suppression effectively reduces tumor invasion-metastasis capacity [12, 24-25].
Although the specific mechanisms remain unclear, research indicates that Mig-7
is primarily induced by growth factors and the COX-2/PGE2 pathway, regu-
lates EMT through ZEB-1 and Twist, and influences tumor invasion-metastasis
[12]. Other studies suggest Mig-7 participates in activating MT1-MMP, which
in turn activates MMP-2 to degrade the Ln-5�2 chain into �2’and �2× frag-
ments, thereby increasing VM formation and tumor invasion-metastasis [25].
Importantly, Mig-7 is expressed only in highly invasive tumor cells capable
of VM formation and not in normal tissues [11-12], offering a potentially safe
and effective target for precise VM-targeted gene therapy. We previously hy-
pothesized [26] that RNAi technology could suppress Mig-7 expression in HCC,
thereby inhibiting VM formation and reducing tumor cell invasion-metastasis.
This Mig-7-targeted approach holds substantial clinical potential, particularly
when combined with conventional therapies such as endothelium-targeted an-
giogenesis inhibitors (e.g., ES), potentially yielding greater efficacy than any
single-agent anti-angiogenic therapy.

RNA interference (RNAi) technology offers a rapid, reliable, and economical
alternative to traditional gene knockout and transgenic methods. In this study,
shRNA transfection of MHCC-97H cells demonstrated significant inhibitory ef-
fects, particularly with the Mig-7 shRNA-1 plasmid, which showed marked differ-
ences compared to negative control and parental cell groups. The slight decrease
in Mig-7 mRNA in the negative control group was attributed to non-specific ef-
fects of exogenous plasmid introduction. The constructed Mig-7 shRNA recom-
binant retroviral expression vector effectively suppressed Mig-7 expression and
significantly reduced VM formation and tumor invasion-metastasis capacity, in-
dicating that Mig-7 plays an important role in VM formation and VM-associated
invasion-metastasis in HCC.
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Our results demonstrate that Mig-7 shRNA specifically and efficiently down-
regulates Mig-7 expression at both gene and protein levels in MHCC-97H cells,
significantly reducing invasion and VM formation while enhancing intercellular
adhesion, thereby partially reversing the malignant phenotype. Additionally,
ES showed no effect on VM formation in our experiments, further confirming
that conventional anti-vascular therapies targeting VEC do not directly inhibit
VM generation.

While Mig-7 represents a promising addition to anti-HCC therapeutic targets,
additional related genes must be identified to refine multi-target anti-tumor
treatment strategies in the context of precision medicine. A recent study on
HCC genotypes [4] revealed significant intra-patient heterogeneity among mul-
tiple tumor lesions, with different lesions sharing only 8% to 97% of gene mu-
tations, highlighting the challenge of comprehensive genomic characterization
for precision therapy. Future research should identify more specific targets and
their key connecting genes.

In summary, RNAi-mediated specific and efficient downregulation of Mig-7 in-
hibits VM formation and invasion-metastasis capacity in HCC cells, providing
a basis for Mig-7 as a specific therapeutic target. Additionally, ES showed no
influence on Mig-7 expression, VM formation, or invasion-metastasis. Our find-
ings and hypothesis regarding combined VM-targeted and endostatin therapy
for inhibiting HCC invasion-metastasis require further in vivo validation.
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