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Ginsenoside Rd inhibits migration
and invasion of tongue cancer cells
through H19/miR-675-5p/CDH1 axis
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Objective: Tongue squamous cell carcinoma (TSCC) is an oral cancer,
with high malignancy and frequent early migration and invasion. Only a
few drugs can treat tongue cancer. Ginsenoside Rd is a ginseng extract with
anti-cancer effects. Many noncoding RNAs are abnormally expressed in
tongue cancer, thus influencing its occurrence and development. H19 and
miR-675-5p can promote cancer cell growth. This study aimed to analyze the
regulation effect of ginsenoside Rd on H19 and miR-675-5p in tongue cancer.
Methodology: We used CCK8 and flow cytometry to study the growth and
apoptosis. Transwell assay was used to assess invasion; wound-healing assay
to assess migration; and colony formation assays to test the ability of cells
to form colonies. H19, miR-675-5p, and CDH1 expressions were analyzed
by gPCR. E-cadherin expression was detected using western blot. CRISPR/
cas9 system was used for CDH1 knockout. Results: Ginsenoside Rd inhibited
the growth and increased the apoptosis of SCC9 cells. Ginsenoside Rd also
inhibited the migration and invasion of SCC9 cells. H19 and miR-675-5p were
highly expressed, while CDH1 and E-cadherin expressions were low. H19 and
miR-675-5p promoted SCC9 metastasis. In contrast, CDH1 and E-cadherin
inhibited the metastasis of SCC9 cells. Bioinformatics analysis showed that
miR-675-5p was associated with CDH1. H19 and miR-675-5p expressions
decreased after ginsenoside Rd treatment, while CDH1 and E-cadherin
expressions increased. Conclusions: Ginsenoside Rd inhibits tongue cancer
cell migration and invasion via the H19/miR-675-5p/CDH1 axis.
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Tongue squamous cell carcinoma (TSCC) is an
oral cancer with high malignancy and frequent early
migration and invasion.? Smoking and drinking
are the main etiologic factors of TSCC.? Although
surgical treatment has improved patients’ survival
rate, it remains low.* Moreover, surgery significantly
damages patients’ body.> Therefore, sometimes
it is necessary to administer radiotherapy and
chemotherapy to prevent cancer recurrence.®’
Therefore, studying some drugs with low-damaging
effect and gene therapy can enhance cancer
prevention and treatment.

Ginseng is a famous nutrient and Chinese herbal
medicine.® High concentrations of ginsenoside,
including ginsenoside Rb1, Rb2, Rc, Rd, and Re
are found in ginseng.® Ginsenoside Rd has anti-
inflammatory, anti-aging, and nerve protection
effects.12 Increasing evidence has also shown
that ginseng and its purified ginsenosides have
anti-cancer effects.!® Studies have also shown that
diol-type ginsenosides have stronger anti-cancer
activity than triol-type ginsenosides. Ginsenoside
Rd has the strongest anti-cancer activity among the
diol-type ginsenosides.®'%'> Therefore, ginsenoside
Rd can inhibit tongue cancer.

A recent study showed that ginsenoside Rb3 can
regulate H19,%¢ indicating that ginsenoside Rd can
inhibit tongue cancer by regulating H19. Noncoding
RNA H19 is highly expressed in various cancers.’
For instance, miR-675-5p, a micro-RNA from H19,
can bind to some specific mMRNA-encoding proteins,
thus inhibiting its expression.!® E-cadherin is closely
related to cell adhesion and contact inhibition.*° The
abnormal expression of E-cadherin in cancers may
promote cancer metastasis.?? E-cadherin expression
is decreased in oral cancers.?! Therefore, the irregular
expression of E-cadherin can be used as a biomarker
for clinical diagnosis, treatment, and prognosis of
tumors,?? indicating that H19/miR-675-5p and CDH1
may be related.??

CRISPR/Cas9 is found in bacteria and archaea.
It is mainly composed of three different types of
systems, of which Streptococcus thermophilus
or Streptococcus pyogenes type II system is the
most widely used. Type II system is based on a
single-guide RNA (sgRNA) and a cas9 protein that
targets a sequence of DNA for editing. The CRISPR/

Cas9 system has been widely used in cancer
characterization and modeling in recent years and
is promising in cancer treatment.?* For example, the
tumor-targeting delivery system CRISPR/cas9 can
downregulate hypoxia-inducible factor-1a (HIF-1a)
in vivo, thus inhibiting the metastasis of pancreatic
cancer.?®

Although ginsenoside can inhibit many cancers,
only a few studies have reported the inhibition
effect of ginsenoside Rd on tongue cancer and its
mechanism.?%-28 This study aimed to assess the effect
of ginsenoside Rd on tongue cancer cell migration
and invasion and its mechanism.

The TSCC tissues (n=3) were taken from surgical
patients at the Hospital of Stomatology of Jilin
University (No. 2 in 2022) and stored at -80°C.

SCC9 and CAL27 cells (Atcc) were cultured in
DMEM/F12 containing 10% FBS and 1% penicillin/
streptomycin (Gibco) in an incubator with 5% carbon
dioxide at 37°C. The 100 pM Rd (Meilunbio, China)
was used to treat cells for qPCR, WB, apoptosis,
migration, invasion and colony formation analyses.

pcDNA3.1-H19, a plasmid for H19 overexpression,
was sourced from the GenePharma (Shanghai,
China). si-H19, a small interfering RNA that reduces
H19 expression, was obtained from RiboBio. miR-
675-5p inhibitors and mimics, which can reduce
or overexpress miR-675-5p, were obtained from
RiboBio.

pcDNA3.1-CDH1, a plasmid for CDH1
overexpression, was sourced from Sangon
Biotech. CRISPR/cas9 system was used for CDH1
knockout.?® The px459 (Addgene, USA) was
used as a knockout plasmid. sgRNA sequence:
5'-AAGTCACGCTGAATACAGTG-3".30

J Appl Oral Sci. 2/12 2022;30:e20220144



SCCO9 cells were seeded in six-well plates (3x10%/
well). Transfection was conducted when the cell
density reached about 70% after culturing for 12-24
h. First, the medium without FBS was mixed with
Lipofectamine 2000 and incubated for 5 minutes. The
sample was then mixed with DNA (pcDNA3.1-H19,
pcDNA3.1-CDH1, px459-CDH1) or miRNA (miR-675-
5p mimics or inhibitors) diluted in a medium without
FBS and incubated for 20 minutes. The mixture was
then added to the cells, gently shaken to mix, and
put in an incubator. The medium containing FBS was
changed after 6 h, then cultured for 24-48 h.

RNA was extracted from tongue cancer tissues
and cells (SCC9) using TRIzol (Invitrogen, USA). A
first-strand cDNA synthesis kit (Tiangen, China) was
used to reverse-transcribe the RNA to obtain cDNA.
SYBR Real-Time PCR kit (Tiangen, China) was used
for the subsequent gPCR reaction of cDNA. gPCR
conditions were: initial 94°C for 15 minutes, followed
by 35 cycles of denaturation at 94°C for 15 seconds,
annealing at 60°C for 30 seconds, and extension at
72°C for 20 seconds. GAPDH was used as an internal
reference gene for H19 and CDH1. U6 was used as an
internal reference gene for miR-675-5p. The primer
sequence is listed in Figure S1 and Figure S2.

The protein extraction buffer (Beyotime, China)

was used to extract the protein from the tongue
cancer tissues and cells. A BCA kit (Meilunbio,
China) was used to measure protein concentration.
Notably, 10% SDS-PAGE gels were used to isolate
proteins with different molecular weights when
the protein concentration of the experimental
and the control groups was the same. Next, the
PVDF membrane was used to transfer the isolated
proteins. The PVDF membranes were blocked with
5% non-fat milk powder for 1 h, then incubated with
antibodies against E-cadherin (Proteintech, USA)
and GAPDH (Bioworld, USA) at 4°C overnight. The
PVDF membrane was then washed with TBST and
incubated with secondary antibodies (Boster, China)
for 2 h. ECL Super Signal (Thermo Fisher Scientific,
USA) was used to detect the protein bands. Imagel
software was used for quantitative analysis of protein
bands.

SCCO9 cells were seeded in six-well plates (3x 105/
well). After transfection, a scratch was made while
culturing the cells with a serum-free medium Images
were obtained at 0, 24 and 48 h using an inverted
microscope. Imagel software was used to investigate
the results.

In transwell assay, the upper chamber (Corning,
USA) was filled with 20 L of Matrigel (BD Biosciences,
USA), then incubated at 37°C under 5% CO, for 30

SgRNAs

Sequences (5 —3’) PAM

SgRNA

F: AAGTCACGCTGAATACAGTG GGG
R: CACTGTATTCAGCGTGACTT

CDH1 Identification

F: GAGAAAGAAATCAGAGCACAAGGAAG
R: GTGTTCAGGCCTTTACCACTCTTCTAC

Figure S1- Sequence of sgRNA

Genes Primer sequences (5'—3’)
H19 F: TGGTGCACTTTACAACCACTG
R: ATGGTGTCTTTGATGTTGGGGC
miR-675-5p F: ACACTCCAGCTGGGTGGTGCGGAGAGGGCCC
R: CAGTGCGTGTCGTGGAGT
CDH1 F: TTCCCAACTCCTCTCCTG
R: AAACCTTGCCTTCTTTGTC
GAPDH F: TGGTATCGTGGAAGGACTCA
R: GGGCCATCGACAGTCTTC
U6 F: GCTTCGGCAGCACATATACTAAAAT
R: CGCTTCACGAATTTGCGTGTCAT

Figure S2- Primers for gPCR analysis
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minutes. SCC9 cells (1x104) were seeded, then
transfected with si-H19, pcDNA3.1-H19, miR-675-
5p inhibitors, miR-675-5p mimics, pcDNA3.1-
CDH1, px459-CDH1, or treated with ginsenoside
Rd (100 pM), and added into the upper chamber.
Medium (0.5 mL) with 10% fetal bovine serum was
added to the bottom chamber. The sample was
cultured at 37°C under 5% CO, for 48 h. Finally,
an inverted microscope was used to visualize the
cells at the bottom chamber after fixing with 4%
paraformaldehyde. The cells were stained with 0.1%
crystal violet dye (Solarbio, China). The stained cells
were counted using Image J.

SCC9 cells were seeded in 60-mm plates
(1x103) for two weeks. The cells were fixed with
4% paraformaldehyde and then stained with 0.1%
crystal violet dye (Solarbio, China). Images were
taken, and the cells were counted using Image J.

The CCK8 assay (Meilunbio, China) was used to
examine cell viability. Cells transfected with si-H19,
pcDNA3.1-H19, miR-675-5p inhibitors, miR-675-5p
mimics, pcDNA3.1-CDH1, px459-CDH1, or treated
with ginsenoside Rd (100uM), were seeded into a
96-well plate for 24 h. CCK8 solution (10 pL) was
then added to each well, then cultured at 37 °C under
5% CO, for 2 h. Finally, absorbance was detected at
450 nm. The data were analyzed using GraphPad.

Cells were first treated with ginsenoside Rd. The
cells were then cultured at 37°C for 24 h under
5% CO,. An apoptosis kit (Beyotime, China) was
used to treat cells following the instructions. Flow
cytometry (BD Biosciences, USA) was used to
measure apoptosis.

Student’s t-tests were used to determine
differences between groups. The data are expressed
as mean=SD. SPSS 16.0 (SPSS Inc., USA) was used
for all statistical analyses. P<0.05 indicated statistical
significance.

CCK8 showed that cell growth was significantly
inhibited when the SCC9 was treated with 100
MM ginsenoside Rd (Figure 1A). The cell activity
was negatively correlated with the ginsenoside Rd
concentration. Flow cytometry analysis (Figure 1B)
showed that ginsenoside Rd increased the SCC9
apoptosis. Wound healing assays and Transwell
(Figure 1C, D) showed that ginsenoside Rd inhibited
the migration and invasion of SCC9. The colony
formation assay (Figure 1E) showed SCC9 clone was
decreased after ginsenoside Rd treatment. Moreover,
100 pM Rd inhibited the growth, migration and
invasion of CAL27 cells, inducing apoptosis (Figure
S3). These results show that ginsenoside Rd can
prevent the growth, invasion, and migration of TSCC
cells and promote apoptosis.

Previous studies showed that H19 promotes
the metastasis of cancer cells, including colorectal
cancers.3! This study aimed to determine if H19
is associated with tongue cancer. qPCR results
showed that H19 expression was higher in tongue
cancer tissues than in normal tissues (Figure 2A).
We overexpressed and knocked down H19 (Figure
2B) in SCC9 for further analysis. Compared to the
control group, H19 overexpression enhanced the
migration ability of SCC9, while H19 knockdown
inhibited migration (Figure 2C). Moreover, H19
overexpression enhanced the invasion ability of
SCC9, while H19 knockdown inhibited invasion
(Figure 2D). The colony formation assay (Figure
2E) showed that H19 overexpression increased
the number of SCC9 clones, while H19 knockdown
decreased the number of SCC9 clones. Although
H19 overexpression did not significantly affect the
growth ability of SCC9, H19 knockdown inhibited
proliferation of SCC9 (Figure 2F). qPCR analyses
showed that miR-675-5p expression was higher in
tongue cancer tissues than in normal tissues (Figure
3A). Furthermore, miR-675-5p overexpression and
knockdown analyses were conducted in SCC9 to
assess their effects on migration, invasion, growth,
and the number of clones (Fig. 3B). miR-675-5p
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overexpression increased the ability of migration,
invasion, growth, and number of clones of SCC9.
In contrast, miR-675-5p knockdown decreased the
migration, invasion, growth and number of clones
(Figures 3C, D, E, F). These results indicate that
H19 and miR-675-5p can promote metastasis of
tongue cancer.

E-cadherin regulates cancer metastasis.3? In this
study, gPCR showed that CDH1 expression was lower
in tongue cancer tissue than in normal tongue tissue.
Western blotting also showed decreased expression
of E-cadherin in tongue cancer tissue (Figure 4A).
Therefore, CDH1 was overexpressed to further study

the relationship between E-cadherin and metastasis
of tongue cancer (Figure 4B). CDH1 overexpression
decreased the invasion, migration, growth and
number of clones (Figures 4D-G) in tongue cancer
cells. Finally, CRISPR/Cas9 system was used to
knock down CDHL1 to further assess the relationship
(Figure 4C). Compared to the control group, CDH1
knockdown increased the migration, invasion, growth
and number of clones (Figures 4D-G) of SCC9,
indicating that E-cadherin is closely associated with
the metastasis of tongue cancer.

Herein, H19 and miR-675-5p expression decreased
after ginsenoside Rd treatment (Figure 5A). The

Figure 1- Effects of ginsenoside Rd on SCC9. (A) CCK8 showing the inhibitory effect of ginsenoside on SSC9. (B) Apoptosis rate of
SCC9 after ginsenoside Rd treatment. (C) Migration of SCC9 after ginsenoside Rd treatment. (D) Invasion of SCC9 after ginsenoside Rd
treatment. (E) colony formation of SCC9 after ginsenoside Rd treatment. Different letters indicate statistically significant differences in the

mean+SD (n=3) (*P<0.05, **P<0.01, ***P<0.001, ****P<0.0001)
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bioinformatics method (https://cm.jefferson. that CDH1 expression increased. Western blotting
edu/rna22/) showed that miR-675-5p negatively also showed that E-cadherin expression increased
regulated CDH1 (Figure 5B). Moreover, qPCR showed (Figure 5C) after ginsenoside Rd treatment. H19

Figure 2- Effects of H19 on SCC9. (A) H19 expression in tongue cancer (n=3). (B) Overexpression and knockdown of H19. (C) Migration
of SCC9 after H19 overexpression and knockdown. (D) Invasion of SCC9 after H19 overexpression and knockdown. (E) Colony formation
of SCC9 after H19 overexpression and knockdown. (F) Growth of SCC9 after H19 overexpression and knockdown. Different letters
indicate statistically significant differences in the meanzSD (n=3) (*P<0.05, **P<0.01, ***P<0.001, ****P<0.0001).
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overexpression increased miR-675-5p expression
while H19 knockdown decreased miR-675-5p
expression (Figure 5D). H19 overexpression also
decreased CDH1 and E-cadherin expressions, while
H19 knockdown increased CDH1 and E-cadherin
expressions (Figure 5E). miR-675-5p overexpression
decreased CDH1 and E-cadherin expression, while
miR-675-5p knockdown increased CDH1 and

E-cadherin expressions (Fig. 5F). The overexpression
of H19 and miR-675-5p can alleviate the effect of
ginsenoside Rd treatment on the expression of CDH1
(Figure S4). These results indicate that ginsenoside
Rd prevents the invasion and migration of SCC9
through H19/miR-675-5p/CDH1 axis.

Figure 3- Effects of miR-675-5p on SCC9. (A) miR-675-5p expression in tongue cancer cells (n=3). (B) Overexpression and knockdown
of miR-675-5p. (C) Migration of SCC9 after miR-675-5p overexpression and knockdown. (D) Invasion of SCC9 after miR-675-5p
overexpression and knockdown. (E) Colony formation of SCC9 after miR-675-5p overexpression and knockdown. (F) Growth of SCC9
after miR-675-5p overexpression and knockdown. Different letters indicate statistically significant differences in the meantSD (n=3)

(*P<0.05, **P<0.01, ***P<0.001, ****P<0.0001).
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Figure 4- Effects of CDH1 on SCC9. (A) CDH1 and E-cadherin expressions in tongue cancer. (B) Overexpression of CDH1. (C) Knockdown
of CDH1. (D) Migration of SCC9 after CDH1 overexpression and knockdown. (E) Invasion of SCC9 after CDH1 overexpression and
knockdown. (F) Colony formation of SCC9 after CDH1 overexpression and knockdown. (G) Growth of SCC9 after CDH1 overexpression
and knockdown. Different letters indicate statistically significant differences in the meantSD (n=3) (*P<0.05, **P<0.01, *** P<0.001,

****P<0.0001).

Ginsenoside Rd is an extract of ginseng with
anti-tumor, anti-inflammatory, and nerve protection
effects.1%1113 Ginsenoside Rd can inhibit colorectal
cancer.?? However, only a few studies have reported
on the effect of ginsenoside Rd on tongue cancer. In
this study, ginsenoside Rd suppressed the growth,

invasion and migration of SCC9 while it promoted
apoptosis. Therefore, further studies should assess
the mechanism of inhibition effect of ginsenoside Rd
on migration and invasion of tongue cancer cells.
Our study found that ginsenoside Rd regulated the
expression of H19. H19 is a long noncoding RNA that
cannot form proteins and the embryonic expression
of H19 is suppressed after birth.3* H19 is related to
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Figure 5- Mechanism of inhibition effect of ginsenoside Rd on migration and invasion of SCC9. (A) H19 and miR-675-5p expressions in
SCC9 after ginsenoside Rd treatment. (B) The binding site of CDH1 for miR-675-5p. (C) CDH1 and E-cadherin expressions in SCC9 after
ginsenoside Rd treatment. (D) miR-675-5p expression after H19 overexpression and knockdown. (E) CDH1 and E-cadherin expressions
after H19 overexpression and knockdown. (F) CDH1 and E-cadherin expressions after miR-675-5p overexpression and knockdown.
Different letters indicate statistically significant differences in the mean+SD (n = 3) (*P<0.05, **P<0.01, ***P<0.001, ****P<0.0001).

many cancers. For instance, H19 enhances autophagy
in estrogen receptor-positive breast cancer cells by
reducing the methylation of the Beclinl promoter
region via the H19/SAHH/DNMT3B axis, leading to

drug resistance.3> H19 promotes cancer development
mainly by affecting cell functions, such as cell
proliferation, anti-apoptosis, and thus leading to
angiogenesis and immune escape.3¢
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Figure S3- Effects of ginsenoside Rd on CAL27. (A) CCK8 showing the inhibitory effect of ginsenoside on CAL27. (B) Apoptosis rate of
CAL27 after ginsenoside Rd treatment. (C) Migration of CAL27 after ginsenoside Rd treatment. (D) Invasion of CAL27 after ginsenoside
Rd treatment. (E) Colony formation of CAL27 after ginsenoside Rd treatment. Different letters indicate statistically significant differences

in the meanSD (n=3) (*P<0.05, **P<0.01, **P<0.001, ****P<0.0001).

Figure S4- The expression of CDH1 after the overexpression of H19 and miR-675-5p with ginsenoside Rd treatment

In this study, H19 expression was high in tongue
cancer and promoted the invasion and migration of
tongue cancer cells. Some previous experiments
confirmed that H19 promotes TSCC migration and
invasion,3” consistent with this research. Furthermore,
miR-675 is found in H19. Peperstraete, et al. (2020)
found that miR-675 and H19 are involved in cancer
migration and invasion alone or together.38

In this study, H19, as a functional RNA, acted
as a regulator.?® Bioinformatics methods showed
that miR-675-5p has binding sites for the mRNA of
CDH1, affecting the E-cadherin expression. Moreover,
overexpression of E-cadherin inhibited migration and
invasion of tongue cancer cells. CDH1 knockdown

increased the migration and invasion ability of tongue
cancer cells. Some researchers found that samples
with lymph node metastasis have lower E-cadherin
expression.*® Some scholars have confirmed that
E-cadherin is a promising biomarker of TSCC.4
Therefore, H19/miR-675-5p/CDH1 is a key signaling
pathway in the migration and invasion of tongue

cancer cells.
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Figure S5- Schematic diagram of ginsenoside Rd interacting with the H19/miR-675-5p/CDH1 axis

In short, ginsenoside Rd inhibits migration and
invasion of TSCC cells. Ginsenoside Rd can also
regulate the migration and invasion of tongue cancer
cells through the H19/miR-675-5p/CDH1 axis.
Therefore, this research shows that ginsenoside
Rd may be a natural anti-cancer drug. Moreover,
H19 and CDH1 may be potential markers of tongue
cancer. (Figure S5).
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