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Background: Our previous studies have demonstrated that diosgenin and diosgenin derivatives exhibit excellent antithrombotic activity via regulating platelet function and coagulation
factor level. Platelets and blood coagulation system are highly associated with tumor
hematogenous metastasis. Therefore, the purpose of this study was to evaluate whether
dihydrodiosgenin (dydio) mediated-platelet inhibition or coagulation factor level modulation
is involved in hepatocellular carcinoma cell (HCC) metastasis.
Methods: Cell viability was examined by MTT and colony formation assays. Platelet
aggregation text and morphology were used to assess dydio’s role on tumor cell-induced
platelet activation (TCIPA). Scratch assay, adhesion assay and Western blot were used to
evaluate dydio’s role on platelet-mediated metastasis. Western blot and ﬂuorescence detection were performed to clarify dydio's role on endothelial cell (EC) function. The mice lung
metastasis model was constructed to investigated dydio’s function on coagulation factor and
platelet-mediated metastasis.
Results: This study found that pretreatment with dydio caused a signiﬁcant inhibition of
TCIPA. Platelets exposed to dydio signiﬁcantly inhibited their adhesion to tumor cells,
meanwhile, releasates of platelets that pretreated with dydio led to diminished cancer cell
proliferation and migration along with the increase of epithelial markers E-cadherin and loss
of mesenchymal phenotype. Additionally, ECs pretreated with dydio suppressed factor VIII
(FVIII) level which in turn restrained the activation of platelets and the adhesion of cancer
cells or platelets to ECs. Interestingly, our study demonstrated that FVIII could promote
HCC proliferation. In vivo study revealed that mice intragastrical (i.g.) administration with
dydio signiﬁcantly inhibited the lung metastasis of hepal-6 cells which is highly correlated
with the altered platelet function and coagulation level.
Conclusion: Taken together, these results demonstrated that dydio altered platelet function
and coagulation FVIII level, resulting in decreased metastatic potential of HCC. Thus, our
study reveals that dydio exerts novel mechanisms of antitumor action beside its direct
antitumor activity.
Keywords: dihydrodiosgenin, hepatocellular carcinoma, platelet, endothelial cell, tumor
microenvironment, FVIII

Introduction
Hepatocellular carcinoma (HCC) is the ﬁfth most common cancer and the third
most frequent cause of cancer death worldwide, with its global incidence appears to
be increasing sharply.1 Venous thromboembolism is frequently found in patients
with cancer that contributes to patients’ morbidity.2,3 Approximately 50–80% of
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hepatocellular carcinoma patients are accompanied by portal or hepatic vein invasion and tumor thrombus is recognized as a poor prognosis in hepatocellular carcinoma
patients.4–7 Despite advances in therapeutic strategies of
hepatocellular carcinoma, once tumor advanced along with
tumor thrombus, it may result in death.8 Therefore, it is
critical to develop novel therapeutic strategies on hepatocellular carcinoma and related thrombosis treatment and
explore its mechanism.
Aberrant platelet activation or aggregation frequently
occurs in the vasculature of cancer patients, especially in
patients with metastatic tumors.9 Extensive evidence indicated that tumor cells could activate platelets to form
tumor thrombus—a process identiﬁed as tumor cellinduced platelet activation (TCIPA).10,11 Platelets within
tumor microenvironment can regulate cancer cell survival
as well as hematogenous metastasis.12 They surround
tumor cells and assist tumor metastasis by protecting circulating tumor cells from sheer forces or elimination by
the immune system, facilitating their adhesion to vascular
endothelial cells (ECs).13 It is worth noting that platelets
might also contribute to the development of HCC.14–16
Lisman and Luyendyk demonstrated that platelets played
an important role in HCC growth and metastasis.17
Meanwhile, platelet lysate has been found to stimulate
proliferation of four different HCCs.18 A recent report
from Zhang et al showed that elevated platelet activation
and circulating ADP levels inhibited HCC differentiation
and promoted tumor progression via platelet-tumor cell
binding,19 supporting a tight connection between platelet
and HCC. Therefore, platelet is a promising therapeutic
target for HCC treatment.
ECs exhibit essential role in the control of vascular
function, especially in blood coagulation function. It
secretes a variety of molecules involved in regulating
platelet function and blood coagulation which is highly
associated with thrombosis.20,21 It is notable to mention
that ECs are the major source of factor VIII (FVIII).22
While high FVIII has been observed in patients with
malignancy.23,24 Therefore, improve coagulation abnormalities through targeting ECs may be a potential strategy in
the treatment of cancer. Additionally, the ECs that line
blood vessels are the ﬁrst cells in contact with tumors,
thus possessing important role in suppressing metastasis of
tumors.25 The study by Chouaib et al showed that ECs are
the interface between circulating blood cells, tumor cells
and the extracellular matrix, thereby playing a central role
in controlling tumor cell behavior and metastasis
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formation.26 Through paracrine signals or direct contact,
ECs regulate various aspects of cancer cell function,
including proliferation as well as metastasis.27,28
Therefore, platelets and ECs within the tumor microenvironment are recognized as the main targets for the treatment of tumor hematogenous metastasis as well as tumor
thrombus. It is critical to develop a novel therapeutic
strategy targeting platelets or ECs on HCC treatment.
Diosgenin is a phytosteroid sapogenin, extracted from
Dioscorea zingiberensis.29 It displays broad pharmacological activities such immunity-regulating, antitumor, antiinﬂammation as well as antithrombotic.30–32 Extensive
studies have well demonstrated that diosgenin exerts
direct antitumor action.33 Additionally, various reports
have demonstrated that diosgenin exhibited a speciﬁc
activity to induce apoptosis on HCC. For example, Li
et al demonstrated that diosgenin induced G2/M cell
cycle arrest and apoptosis in human HCC.34 Kim et al
showed that diosgenin induced HepG2 cells apoptosis via
ROS generation and mitochondrial dysfunction.35 Our
previous studies demonstrated that diosgenin and relevant
derivatives exerted the antithrombosis activity on arterial
and venous thrombosis by inhibiting platelet aggregation
and improving the anticoagulation function as characterized by a signiﬁcant decrease of coagulation FVIII
level.36–38
Dihydrodiosgenin (dydio), a parent aglycone of diosgenyl saponin, was synthesized by opening spiroacetal
ring of diosgenin (Figure 1).39 In this study, we aim to
investigate the pharmacological effects of dydio on coagulation and platelet-mediated metastasis. Our study
demonstrated that dydio constrained TCIPA and substantially dampened platelet adhesion to tumor cell as well as
prometastatic effects of platelets. Meanwhile, dydio treatment decreased endothelial-derived FVIII level which
probably resulted in an inhibition of platelet activation
and abrogation of tumor cell and ECs interaction. Taken
together, our study demonstrates that dydio exerts novel
mechanisms of antitumor action.

O
HO

Figure 1 Structure of dydio.
Abbreviation: dydio, dihydrodiosgenin.
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Materials and methods
Materials
DMEM, FBS, penicillin and streptomycin were purchased
from GIBCO (Carlsbad, CA, USA). Cell cycle detection
kit, 3,3′-dioctadecyloxacarbocyanine perchlorate (DiO),
3,3′-dioctadecyloxacarbocyanine perchlorate (Dil), BCA
protein assay kit and rapamycin were purchased from
Beyotime Institute of Biotechnology (Shanghai, China).
FVIII was purchased from Prospec (St Louis, MO,
USA). Unless indicated otherwise, the other reagents
were purchased from Sigma (St Louis, MO, USA).

Cell culture
Murine hepatocellular carcinoma cell line Hepal-6, human
hepatocellular carcinoma cell line HepG2 and human
umbilical vein cell (HUVEC) were received from
Regenerative Medicine Research Center, West China
Hospital, and were approved for use in experimental
research by the Ethics Committee of West China Center
of Medical Sciences, Sichuan University. All cell lines
were maintained in DMEMsupplemented with 10% FBS,
penicillin (100 U/mL) and streptomycin (0.1 mg/mL).
Cells were sustained at 37°C in a humidiﬁed atmosphere
with 5% CO2.

Cell viability assay
The HepG2 and Hepal-6 cells were cultured in 96-well
plates at a density of 5×103 per well. Once the conﬂuence
reached to 80%, cells were incubated with different concentrations of dydio (0, 12.5, 25, 50, 100 and 200 μmol/L)
or releasates of platelets pretreated with dydio or DMSO
for 24 hours. Then cell viability was measured by MTT
assay (Sigma) according to the manufacturer’s protocol.

Colony formation
Colony formation assay was performed as previously
described.40 HepG2 or Hepal-6 were seeded into 6-well
plates at 1,000 cells/mL and allowed to attach for 24 hours.
After that cells were treated with 35 μmol/L dydio. Cells
were incubated with fresh medium once every 3 days for
additional 12 days and stained with 0.5% crystal violet after
4% paraformaldehyde ﬁxing. Then, the morphology of cells
was observed by a microscope (uX71; Olympus Corp.,
Tokyo, Japan) and the survival fraction of the clones was
used to evaluate the effects of different treatments.
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Preparation of platelets
Mouse whole blood was collected as described previously,41
mce were anesthetized with intraperitoneal pentobarbital
sodium (40 mg/kg), and whole blood was collected by inferior
vena and anticoagulated with 3.8% trisodium citrate (9:1, v/v).
Platelet-rich plasma (PRP) was prepared by centrifugation at
100 g for 10 minutes. Platelet-poor plasma (PPP) was obtained
by centrifugation at 160 g for 10 min. Platelets was obtained
by centrifugation at 1,000 g for 5 min from PRP. Final samples
were resuspended in modiﬁed Tyrode buffer. Platelet purity
was conﬁrmed with CD41a expression by ﬂow cytometric
measurement. Platelets were washed with Tyrode’s buffer for
future experiment.

Platelets aggregation assay
The platelet pre-incubated with 35 mmol/L dydio for 3
hours at 37°C, aggregation assay was performed at 37 °C
by an LBY-NJ4 aggregometer (Pulisheng, Beijing, China).
Aggregation was initiated by exposure to 1x105/mL
Hepal-6 cells as previous study.42 Aggregation was
recorded for 5 minutes, and data were expressed as the
change in light transmission.
For in vivo platelets aggregation assay, whole blood
was collected into tubes with citrate anticoagulant from
anesthetized experiment mice in lung metastasis model.
The platelet aggregation assay was carried out at 37°C by
a LBY-NJ4 aggregometer (Pulisheng, Beijing, China).
Aggregation was initiated by the addition of ADP solution
(ﬁnal concentration, 20 μm).

Platelet morphology
For microscopic observation, platelets were ﬁxed with 1%
paraformaldehyde for 1 hour and loaded on a coverslip
chamber. Platelets morphology was observed using an
inverted microscope (uX71; Olympus Corp., Tokyo, Japan).

Scratch assay
The Hepal-6 cells were seeded in six-well plates and
incubated for 12 hours in starvation medium. The cellular
monolayer was wounded with a sterile 1,000 μL-pipette tip
and washed with starvation medium to remove detached
cells from the plates. The cells were incubated with platelets releasates and photographed by using a phase-contrast
microscope. Quantiﬁcation of relative “scratch” was carried out by using the Image J software (NIH, MD, USA).
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Adhesion assay
10

The adhesion assay was performed as previous study.
Hepal-6 cells were incubated in 6-well plates until the
cellular conﬂuence reached 90%. Platelets pretreated with
dydio or not were co-incubated with the Hepal-6 culture
plate at 37°C for 4 hours. The nonadherent platelets were
washed and the adhesion status was detected under
a ﬂuorescence microscope.
In some condition, HUVECs were plated in 6-well
plates until the cellular conﬂuence reached 70% and then
incubated with 35 μmol/L dydio for 24 hours. Thereafter,
dil-labeled platelets and dio-labeled Hepal-6 or HepG2 cells
were co-incubated with the HUVEC culture plate at 37°C
for 4 hours in the absence or presence of 2 U/mL FVIII
(platelets: HUVECs 1,000: 1) under static condition. The
nonadherent platelets and tumor cells were washed by PBS.
The adhesion status was detected under a ﬂuorescence
microscope.

(Chengdu, China). After 1 week of acclimatization, mice
were injected intravenously via the tail vein with 1×106
Hepal-6 cells to construct experimental lung metastasis.
The mice were randomly divided into two groups
(N=6 per group), model group, dydio group. Sixmale
C57Bl/6J mice without Hepal-6 cells injection were considered as vehicle control. Dydio group were treated with
100 mg/kg/d dydio by oral administration, model or vehicle
control group were administrated with same volume of
saline. All animals were sacriﬁced on the 21st day, followed
by a comprehensive visual examination of all organs.
Lungs were collected and ﬁxed in 4% paraformaldehyde
and embedded and sectioned at 4 μm for H&E. Ethical
approvals for all experiments have been obtained from the
Ethics Committee of West China Center of Medical
Sciences, Sichuan University (Approval 2018121A), and
were performed in accordance with ARRIVE guidelines.46

Statistical analysis
Western blot
43

Western blot was performed as previously described.
Antibody E-cadherin and FVIII were purchased from Santa
Cruz Biotechnology Inc. (Dallas, TX, USA); Quantiﬁcations
of relative protein expressions were carried out by using the
Image Lab 3.0 software (Bio-Rad Laboratories Inc.,
Hercules, CA, USA).

Bleeding time
The bleeding time was measured as previously
described.44 Brieﬂy, the mouse tail vein was severed
2 mm from its tip, and the tail was immersed in normal
saline (37°C) immediately. Bleeding time from the incision to the cessation was recorded. A bleeding time of 900
seconds was used as the cutoff time for the purpose of
statistical analysis.

Anticoagulation activity assay
FVIII activity was detected as previous study.45 Onestage
clotting assay was used for measuring coagulation FVIII
activities. Mouse plasma was ten times diluted in human
factor deﬁcient plasma, and the activities of FVIII was
detected by a SYSMEX CA-7000 automatic Coagulometer
(Sysmex, Kobe, Japan).

Experimental tumor metastasis model
Male C57BL/6J mice (4 weeks old, 18–22 g) were purchased from Chengdu Dossy experimental animal Co. Ltd.
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Data are presented as means ±SD. The statistical analysis
of results was performed by Student’s paired t-tests and
ANOVA. A value of P<0.05 was considered statistically
signiﬁcant.

Results
Dydio treatment inhibits the cell viability
of HCC and TCIPA
The effect of dydio on the cell viability of HCCs was
determined by using MTT (3-(4,5-dimethyl-2-thia-zolyl)
-2, 5-diphenyl 2H-tetrazolium bromide) assay. Dydio
inhibited both HepG2 and Hepal-6 cells viability in
a concentration dependent manner, with IC50 values of
35.83 μm and 31.26 μm respectively (Figure 2A). Results
of colony formation assay revealed that cells treated with
35 μm/L dydio displayed much smaller and fewer colonies
(Figure 2B). According to the IC50 value and more than
50% of viable cell number after dydio treatment,
35 μm was employed as the optimal concentration for
treatment in the following experiments.
To investigate inhibitory potential of dydio in cancer
metastasis, we next studied dydio on TCIPA. When platelets were exposed to Hepal-6 cells, platelet aggregation was
signiﬁcantly inhibited by additional dydio (Figure 2C),
demonstrating that dydio may exert potential antiplatelet
activity. Pseudopodium was an essential structure during
the platelet adhesion to tumor cells.47 As depicted in
Figure 2D, tumor cells stimulated platelets to ﬂatten,
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Figure 2 Effect of dydio on HCC viability and TCIPA. (A) Effect of increasing concentration of dydio on HepG2 or Hepal-6 cell viability. (B) 35 μmol/L dydio on HepG2 or
Hepal-6 cell colony formation. (C) Effect of dydio on platelet aggregation induced by Hepal-6 tumor cells. (D) Effect of dydio on morphology change of platelet induced by
Hepal-6 tumor cells (magniﬁcation ×100).*p<0.05, **p<0.01 vs 0 μmol/L or TC group.
Abbreviations: Ctr, control; dydio, dihydrodiosgenin; TC, tumor cells; HCC, hepatocellular carcinoma; TCIPA, tumor cell-induced platelet activation.

protrude pseudopodium and cluster, and the morphological
transformation was associated with platelet activation. By
comparison, dydio signiﬁcantly inhibited ﬁlopodia extension of adherent platelets, conﬁrming that the platelets
inhibited activity of dydio.

Dydio suppresses HCC viability and
migration via inhibiting platelet activation
Platelet-cancer cell interactions play a key role in successful haematogenous metastasis. Distant metastases mainly
occur via the blood circulation, and platelets were suggested to be the ﬁrst blood cells to interact with tumor
cells.48 Therefore, we investigated the effect of dydio on
platelet adhesion to the tumor cells. The results demonstrated that dydio pretreatment signiﬁcantly decreased platelet adhesion to Hepal-6 cells (Figure 3A).
To establish the role of dydio on platelet-mediated
Hepal-6 cell proliferation or migration, platelets from mice
were pretreated with dydio or PBS, washed, stimulated with
Hepal-6 tumor cells, and then platelet releasates were collected and incubated with Hepal-6 cells (Figure 3B, schematic). Treatment with platelets releasates resulted in
a signiﬁcant increase in both Hepal-6 cells viability and
migration compared with that in the control group. While
releasates of platelet that pretreated with dydio exhibited
less inﬂuence on Hepall-6 cells viability and migration
(Figure 3C and D). Platelets in the blood are capable of
initiating the induction of epithelial-mesenchymal transition
(EMT) in cancer cells through releasing a variety of growth
factors, thus promoting the metastasis of tumor cells.49,50 To
test whether dydio was involved in platelet induced-EMT,
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the expression of E-cadherin was detected. As depicted in
Figure 3E, tumor cell-activated platelet releasates signiﬁcantly decreased E-cadherin expression in Hepal-6 cells in
comparison with controls (Figure 3E), whereas releasates of
platelet pretreated with dydio did not affect E-cadherin
expression. Moreover, upon exposure to platelets releasates,
Hepal-6 cells adopted a mesenchymal phenotype with disappearance of deﬁned cell–cell contacts, elongated morphology and growing individually, often crossing over
each other, while Hepal-6 cells did not acquire
a mesenchymal morphology when exposure to dydiotreated platelets releasates (Figure 3F).
Collectively, these data demonstrate that dydio treatment
inhibits tumor cells migration via altering platelet function.

Dydio impairs platelet, tumor cell and
ECs interaction via suppressing
EC-derived FVIII level
Our previous studies demonstrated that diosgenin derivatives could signiﬁcantly reduce FVIII level in animal
model.36,37 FVIII is mainly produced in ECs, therefore
we investigated FVIII expression during dydio treatment
in HUVEC. Figure 4A showed that dydio decreased the
expression of FVIII which in consistence with our previous studies. Meanwhile, dydio has also been shown to
suppress secretion of FVIII which resulted in a lower
FVIII level in the HUVEC culture medium (Figure 4B).
Kellie et al demonstrated that elevated FVIII level is
capable of accelerating platelet activation.51 To determine
whether dydio affect platelet-tumor-EC interaction via modulating endothelial-derived FVIII secretion, dil-labeled
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platelets or dio-labeled tumor cells were allowed to adhere
to ECs under static conditions (Figure 4C). As depicted in
Figure 4D, treatment HUVEC with dydio resulted in
a signiﬁcant reduction in washed mice platelets or HepG2/
Hepal-6 cells recruitment to ECs and inhibited morphological activation of platelets (see larger image) as compared
with controls. It can also note from the ﬂuorescence images
that interaction of cancer cells and platelets were signiﬁcantly decreased after treating with dydio. While additional
FVIII restored dydio-inhibited morphological activation of
platelets (see larger image) and the interaction between
tumor cells, platelets and ECs.
Therefore, it can be concluded that dydio abrogates
platelet activation as well as the adhesion of cancer cells
and platelets to ECs via decreasing FVIII secretion.

FVIII promotes HCC proliferation

Dydio inhibits hepal-6 lung metastasis
highly correlated with the altered platelet
function and coagulation level

Liver diseases including liver metastasis of carcinoma are
associated with markedly elevated plasma FVIII level.52

To determine whether dydio-inhibited platelets activation
is involved in tumor metastasis and related thrombosis
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Liver sinusoidal endothelial cells are one of the main sources
of FVIII. Therefore, we speculated dydio might regulate
HCC progression via modulating FVIII level (Figure 5A).
To elevated FVIII on HCC progression, MTT assay was
carried out. FVIII accelerated the proliferation of HepG2
and Hepal-6 cells in a concentration dependent manner
(Figure 5B and C). Flow cytometer was conducted to observe
the effect of FVIII on cell cycle distribution. FVIII could
promote the proliferation of Hepal-6 cell which reﬂected by
inﬂuencing the distribution of cell cycle (Figure 5D). The G1
phase was signiﬁcantly decreased from 54.82% to 48.14%,
while the number of cells in the S phase gradually increased
from 27.52% to 34.49%.
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in vivo, a well-characterized Hepal-6 hepatocellular carcinoma cell model of tumor metastasis was employed.
Histologic analyses of the lung tissue revealed that the
number of spontaneous lung metastases was reduced in
mice treated with dydio when compared with model group
(Figure 6A). Furthermore, the weights of freshly harvested
lungs from mice treated with dydio were lower than those
harvested from model mice (Figure 6B). The increased
lung weight in the control mice is probably due to the
metastatic burden of the tumors. In addition to less

Cancer Management and Research 2019:11

spontaneous lung metastases, mice treated with dydio
also have signiﬁcantly fewer and smaller thrombi in their
lungs and pulmonary vasculature than those found in the
model mice. (Figure 6C and D).
To clarify the role of dydio on thrombosis, in vivo
platelet aggregation assay was carried out. As shown in
Figure 6E, platelet from tumor-bearing mice treated with
dydio exhibited a lower platelet aggregation as compared
with model group. While there was no signiﬁcant change in
platelet counts among different groups (Figure 6F).
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Bleeding time is a classic index of a study of antithrombotic
effect in vivo. It may be noted that the tumor-bearing mice
treated with dydio exert shorter blood clotting time than the
model group (Figure 6G). Moreover, our data showed that
tumor-bearing mice displayed a higher FVIII level when
compared with the control group. While dydio showed
noticeable effects in reducing FVIIII level (Figure 6H).
Taken together, these data suggested dydio exhibits ideal
anticancer activity which is highly correlated with the modulation of platelet function and coagulation level.

Discussion
Interactions of tumor cells with its microenvironment
are sufﬁcient to prime tumor cells for initial metastasis.
Platelets and ECs within tumor microenvironment are
characterized as vital therapeutic targets for the treatment of hematogenous metastasis as well as tumor
thrombus. Our study demonstrated that dydio inhibited
HCC metastasis via inhibiting platelet activation as well
as decreasing ECs-derived FVIII. Overall, our study
reveals that dydio exhibits novel mechanisms of antitumor activity.
Diosgenin, a steroidal saponin presents in a variety of
plants, was found to affect various phases of tumorigenesis
including proliferation inhibition, apoptosis induction,
migration and angiogenesis suppression.31,33,53 The
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mechanism of diosgenin and its derivatives involving in
tumor metastasis has been well elucidated. The direct
antitumor activities of diosgenin are possibly involved in
PI3K/Akt, MAPKs and NF-κB signaling pathways.33
Meanwhile, various studies have demonstrated that diosgenin could induce HCC cell apoptosis.34,35 Our results
are in accordance with the previous studies, conﬁrming
that dydio signiﬁcantly inhibits HCC viability with its IC50
around 35 μmol/L.
Beside the direct anticarcinogenic action, our previous
studies have demonstrated that diosgenin and its derivatives exert antithrombosis activity on the thrombosis
model via improving the anticoagulation function as well
as inhibiting platelet aggregation.36–38,45 It is widely
accepted that the formation of tumor thrombus involving
platelets is one of the most essential processes in tumor
hematogenous metastasis. This physical interaction might
allow platelets to shield cancerous cells from high shear
forces or immune response, thus facilitating metastasis.
Recently, a growing number of studies have focused on
antiplatelet agent as cancer therapeutics. For example,
extensive literatures have demonstrated that aspirinmediated inactivation of platelets could suppress tumor
metastasis.54 Our data demonstrated that dydio inhibited
TCIPA as well as morphological activation of platelets
which were characterized by less pseudopodium.
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Consistently, platelets treated with dydio displayed
a weaker adhesion capacity to Hepal-6 tumor cells.
Moreover, dydio was demonstrated to alter the releasates
of platelets turnover to inhibit tumor progression. TCIPA
triggers secretion of pro-angiogenic and protumorigenic factors from platelets which display essential role in tumor
progression.55,56 For example, platelet-derived nucleotides
promote tumor-cell transendothelial migration and metastasis via P2Y2 receptor.57 Our study showed that releasates
from platelets treated with dydio signiﬁcantly suppressed
Hepal-6 cell viability and migration. The EMT is a crucial
cellular program during tumor migration, invasion and
metastasis, during which tumor cells lose epithelial markers
and gain mesenchymal traits.58 It is notable to mention that
platelet secretion is able to induce EMT, thus resulting in an
enhanced tumor metastasis.50 Our results demonstrated
dydio could inhibit platelet-induced HCC EMT which were

Cancer Management and Research 2019:11

characterized by increased E-cadherin expression and loss of
mesenchymal phenotype. These data strongly suggest that
dydio may suppress HCC by limiting the proliferative and
prometastatic effects of platelets releasates. However, to
clarify the role of dydio in HCC progression, future studies
are needed to examine altered factors within platelet releasates pretreated by dydio.
In addition to inhibiting platelet activation, dydio inhibited
the release of FVIII from ECs which in turn restrained the
activation of platelets and the adhesion of cancer cells or
platelets to ECs. Beside the unique function in hemostasis,
ECs that line blood vessels are the ﬁrst cells in contact with
tumor cells and platelets, thus normally acting as
a physiological barrier in suppressing cancer cell dissemination to distant sites.27 Subtle changes in ECs can be easily
transmitted to the tumors with profound effects on cancer fate.
Meanwhile, EC is the main source of an essential blood-
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Taken together, dydio displayed antimetastasis of HCC
both in vivo and in vitro via modulating platelet function
and FVIIII level (Figure 7). Thus, in addition to direct
action toward tumor cells, our study demonstrated that
dydio exerts novel mechanisms of antitumor action.
Moreover, our study supports the idea of utilizing targeted
platelet therapies to inhibit platelet-mediated malignancy.

E-cadherin
Metastasis
Figure 7 Schematic overview of the role of dydio in tumor metastasis.
Abbreviations: dydio, dihydrodiosgenin; FVIII, factor VIII.

clotting protein FVIII.59 While FVIII is capable of accelerating
platelet activation.51 Our study demonstrated that dydio inhibited the release of FVIII from ECs which in turn restrained
platelet activation and the interaction between tumor cells,
platelets and ECs. These altered interactions lead to disruption
of the physical shield around tumor cells which further
destroys tumor cell adhesion to the endothelium.
In 1865, Armand Trousseau ﬁrst described the relationship between activation of the blood coagulation system
and carcinogenesis. Thereafter many studies, both human
and animal, have suggested a link between cancer development and blood coagulation disorders.60 Jae et al havedemonstrated that coagulation facilitates tumor cell
spreading in the pulmonary vasculature during early metastatic colony formation.61 Liver metastasis of carcinoma
are highly closely related to elevated plasma FVIII level.52
Interestingly, our study demonstrated that FVIII could
signiﬁcantly induced Hepal-6 proliferation via affecting
cell cycle distribution. Thus, FVIII may represent a new
molecular target or assistant index for diagnosis of HCC
therapy. Taken together, it can be concluded that dydio
may control tumor metastasis via improving coagulation
abnormalities. However, an in-depth study is needed to
investigate FVIII role of HCC progression.
Thromboembolism disease is a frequent complication
of malignant tumor, which is closely associated with the
progression, therapy and prognosis of cancer. Thus, it is
urgent to develop novel therapeutic strategies targeting
both tumor and tumor microenvironment. Traditional
tumor chemical therapy is to kill and wound cancer cells
directly with numerous side effects. Compared with them,
our study demonstrated that dydio not only possesses ideal
antitumor activity, but also exerts excellent activity in
improving tumor thrombus through targeting tumor
microenvironment.
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