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Abstract: This study aimed to investigate the treatment effects of combining TAE therapy with LY2109761, a trans-
forming growth factor-beta (TGF-B) receptor | kinase inhibitor, on suppressing tumour growth and metastasis. We
simulated the changing tumour microenvironment before and after TAE using both in vitro and in vivo models. In
vitro, we evaluated the altered migration and invasion properties of HepG2 cells using migration and invasion as-
says. In addition, western blot analysis was used to investigate molecular mechanisms underlying the biological
activities of LY2109761 in HepG2 cells. In vivo, we combined LY2109761 with TAE together in the VX2 rabbit model
to evaluate the therapeutic effects of the combination. In vitro, the Smad pathway were substantially activated by
hypoxia, and LY2109761 significantly inhibited the Smad pathway under both normoxic and hypoxic circumstanc-
es. Furthermore, LY2109761 inhibited cell proliferation, intravasation and metastasis by downregulating Smad-2
phosphorylation and up-regulating E-cadherin expression in both normoxic and hypoxic conditions. In addition, in
animals, LY2109761 improved the therapeutic effect of TAE and inhibited intravasation and metastasis after TAE.
Based on the observations herein, we concluded that using LY2109761 and TAE in combination for the treatment
of VX2 rabbit liver cancer inhibits tumour growth and metastasis, suggesting that such a combination may provide
new a target and strategy for interventional liver cancer therapy.
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Introduction

Hepatocellular carcinoma (HCC) is one of the
most common tumours, accounting for an esti-
mated 700000 deaths annually worldwide [1].
HCC has become a major health problem world-
wide due to its high mortality, morbidity, and
increasing incidence rates [2, 3]. TAE, recog-
nized as an effective palliative treatment option
for patients with advanced HCC, is now widely
performed for the treatment of unresectable
liver cancers, classified as the intermediate
stage according to the Barcelona Clinic Liver
Cancer (BCLC) staging system [4-6]. However,
although TACE therapy prolongs the survival of
many patients, the fact that conventional TAE
therapy performed with elution beads or iodine
oil cannot thoroughly eradicate tumour cells
should not be ignored. Incomplete necrosis of

the tumour could aggravate its hypoxic status,
and in many cases, tumour cells can adapt to
the highly anaerobic microenvironment result-
ing from TAE via a negative feedback response
and incomplete embolization, which are often
correlated with recurrence and metastasis of
the tumour [7-10].

Recently, the fundamental roles of the tumour
microenvironment in the processes of hepato-
carcinogenesis, tumour invasion and metasta-
sis have been increasingly identified [11-13].
Some studies have highlighted the cross-talk
between tumour cells and their surrounding
microenvironments as well as the fundamental
role of the tumour microenvironment in HCC
pathogenesis. Cancer-associated fibroblasts
(CAFs) are the most prominent cell type within
the tumour stroma of many cancers (most nota-
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bly breast and pancreatic carcinoma) and play
a critical role in tumour-stromal interactions
[14, 15]. HCC cell growth, intravasation and
metastatic spread are dependent upon the
presence of CAFs, and HCC cells reciprocally
stimulate CAF proliferation, suggesting a key
role of CAFs in tumour-stromal interactions.
Some studies have shown that CAFs are acti-
vated by TGF-B and are responsible for the syn-
thesis, deposition and remodelling of excessive
extracellular matrix (ECM) proteins, such as
various types of collagen [16]. As a vital compo-
nent of the tumour microenvironment, TGF-
plays a critical role in modulating the biological
behaviour of HCC and acts as a double-edged
sword role in many cancers, including HCC. For
example, TGF-B acts as an onco-suppressor by
inhibiting cell proliferation and as a tumour pro-
moter by triggering the epithelial-mesenchymal
transition (EMT), which facilitates tumour sp-
reading and metastasis via E-cadherin down-
regulation. In combination with its receptor
(TGF-B receptor 1, TGF-BR1), TGF-B activates
the SMAD pathway, which are involved in the
biological behaviours underlying HCC cell grow-
th, intravasation and EMT [17-20].

LY2109761, a TGF-B receptor inhibitor, has
increasingly been confirmed to suppress the
synthesis and release of connective tissue
growth factor in the tumour environment, which
consequentially reduces the growth, intravasa-
tion, and metastatic dissemination of HCC cells
via different molecular mechanisms. Previous
researches using both a humanized mouse
model and human specimens have confirmed
that LY2109761 can significantly inhibit the
growth and intravasation of tumours [17, 21]. In
addition, E-cadherin expression was proven to
be significantly improved, and EMT was also
supressed in these processes.

Considering the high interstitial fluid pressure
conditions of solid tumours, such as HCC, espe-
cially after the TAE procedure, drugs delivered
orally barely reach the lesion comprising resid-
ual tumour cells, greatly reducing the therapeu-
tic effects of these drugs. Thus, we evaluated
the treatment effects of using TAE therapy and
LY2109761 in combination on suppressing
tumour growth and metastasis in a rabbit VX2
tumour model. In addition, to better understand
the molecular mechanisms underlying the bio-
logical activities of LY2109761 after TAE, we
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simulated an anaerobic environment by down-
regulating the oxygen concentration to 5% in an
in vitro model.

Materials and methods
Reagents

The TGF- receptor kinase inhibitor LY2109761
was purchased from MedChemexpress (MCE,
New Jersey, USA). Cell Counting kit-8 was pur-
chased from Dojindo (Shanghai, China). All anti-
bodies used in cell experiments included a
monoclonal antibody against human GAPDH
(ANTO11, Antgene, Wuhan, China), a monoclo-
nal blocking antibody against human HIF-
1a (GTX127309, GeneTex, Southern California,
USA), anti-human E-cadherin antibody (20874-
1-AP, Proteintech Group Inc., Chicago, USA),
anti-human TGF-p antibody (ab27969, Abcam,
Cambridge, England), anti-human phospho-
Smad2 antibody (#3108, Cell Signalling Te-
chnology Inc., Massachusetts, USA), anti-
human total Smad2 antibody (GTX111075,
GeneTex, Southern California, USA), and the
horseradish peroxidase-labeled secondary an-
tibodies (ANTO19 and ANT020, Antgene, Wu-
han, China).

Cell culture

Human HCC cells of the HepG2 line were
obtained and then cultured in high-glucose
Dulbecco’s Modified Eagle’s Medium (DMEM,
Hyclone, Utah, USA) supplemented with 10%
foetal bovine serum (Gibco, Thermo Fisher
Scientific, Inc., Massachusetts, USA), 100 mg/
ml penicillin, and 100 mg/ml streptomycin. The
cells were incubated at 37°C in a humidified
atmosphere at 21% O, (normal oxygen condi-
tions) or 5% O, (hypoxia).

Immunofluorescence analysis

The TGF- and HIF-a expression in HepG2 cells
under normal oxygen or hypoxic conditions
were observed by immunofluorescence as de-
scribed previously [22]. Cells were fixed in 4%
paraformaldehyde solution, followed by wash-
ing with PBS three times. 10% goat serum was
added to block nonspecific binding of antibody.
The cells were stained with the following conju-
gated antibodies: rabbit anti-HIF-a antibody,
Alexa Fluor 488-conjugated donkey anti-rabbit
IgG secondary antibody (ANTO24, Antgene,
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Wuhan, China), mouse anti-TGF-B antibody,
FITC-conjugated goat anti-mouse 1gG second-
ary antibody (AS1112, Aspen, Wuhan, China).
The nuclei were then stained with 4,6-diamidi-
no-2-phenylindole (DAPI). After seal with anti-
fade mounting medium, cells were visualized
under a fluorescence microscope (Olympus,
Japan).

Cytotoxicity assays

The cytotoxicities of LY2109761 on HepG2
cells under normal oxygen and hypoxic condi-
tions were determined by the Cell Counting
Kit-8 assay. HepG2 HCC cells were plated in
humidified atmospheres of 21% 0, (37°C) or
5% 0, (37°C) and cultured for 24 hours. In addi-
tion, the cells were supplemented with LY-
2109761 at 0.001, 0.01, 0.1, 1, 10 and 20 uM
as well as with the CCK8 solution (10 uL). Each
experimental condition was reproduced in 8
wells, and each experiment was repeated 3
times. To confirm the cytotoxic data, cells were
incubated under the described conditions for 4
hours, and absorbances were measured at
450 nm using a microplate reader.

Wound healing assay

HepG2 cells were seeded in 6-well plates and
grown to confluency in complete medium under
normal oxygen and hypoxic conditions. The
monolayers were pre-treated with LY2109761
at 0, 0.01 uM and 1 pM for 24 hrs before being
scratched with a plastic tip. Wound closures
were then monitored by microscopy at 100x
maghnification.

Migration/invasion assay

To evaluate alterations in tumour cell migration
and invasion properties, cell migration assays
were performed. Cells were serum-starved
overnight and then cultured in transwell cham-
ber in the absence or presence of LY2109761
at concentrations ranging from 0.001 uM to 10
UM from O to 48 hours. The cells that passed
through polycarbonate membrane were stained
with crystal violet and observed with a light
microscope (Olympus, Japan) at 100x ma-
gnification.

Western blot analysis

The cells were resuspended in cell lysis buffer
(pH 8.0) comprising 50 mM Tris-HCI, 150 mM
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NaCl, 5 mM EDTA, 1% NP40, 0.05% PMSF, 2
mg/ml aprotinin, and 2 mg/ml leupeptin.
Approximately 20 ug of protein/well was loaded
onto the gels. The targeted protein levels were
determined using western blot analysis as
described previously.

Animals and treatments

New Zealand white rabbits weighing 2.5-3.0 kg
were purchased from the Experimental Animal
Center of the Huazhong University of Science
and Technology for experimental use in these
studies. All the experimental protocols were
approved by the Animal Experiment Committee
of the Institute for Huazhong University of
Science and Technology.

The rabbit VX2 hepatocellular carcinoma model
was established as follows: (1) VX2 tumour
cells were implanted inside the hind leg mus-
cles of the rabbits, yielding substantial palpa-
ble masses 2 weeks after implantation, thus
creating the tumour-bearing rabbits. (2) One
tumour-bearing rabbit was sacrificed, and the
auxetic VX2 tumour was dissected and sepa-
rated into 1x1x1 mm? pieces under sterile con-
ditions and then stored in physiological saline.
(3) The operation was performed via abdominal
median incision, subsequently inoculating the
VX2 tumour into the left lobe of the liver in the
candidate rabbits. The puncture was covered
by gelatin, and the left liver lobe was then
placed back into the abdomen. (4) All of the
rabbits were administered penicillin intramus-
cularly for three days after implantation of the
VX2 tumour. The tumours were allowed to grow
in the rabbits’ livers for 14 days.

TAE procedure

TAE treatment was performed on rabbits im-
planted with a VX2 liver tumour one day after
perfusion computed tomography (CT) scan-
ning. In total, 30 rabbits were randomly divided
into three groups (each group included 10 rab-
bits): Group I-LY+Gel (1 mL of ultra-liquid iodized
oil containing the LY2109761-DMSO suspen-
sion at a concentration of 10 mg/kg and gela-
tin sponge, TAE), Group I1+Gel (1 mL of ultra-lig-
uid iodized oil supplemented with gelatin
sponge, TAE), and Group NS (1 mL of normal
saline solution).

All rabbits were treated under general anaes-
thesia, and the arteria cruralis of each rabbit
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was bluntly dissected. Subsequently, a cathe-
ter guide wire was moved to the hepatic tumour
feeding artery from the arteria cruralis under
the guidance of digital subtraction angiography
(DSA). Then, the various drugs of the different
groups were separately injected into the feed-
ing arteries of the rabbits. Finally, the arteria
cruralis of each rabbit was sutured, and all rab-
bits were intramuscularly administered penicil-
lin for three days.

Measuring tumour size

Perfusion CT was used to estimate the tumour
sizes in the experimental rabbits 14 days after
implantation of the VX2 tumour tissues. All the
rabbits were anaesthetized by chloral hydrate
(10%). After scanning, all the acquired images
were processed by the Syngo Fastview image
processing system, and the sizes, locations,
and shapes of the implanted tumours as well
as whether necrosis and intrahepatic metasta-
sis were present were analysed by two senior
doctors of the radiology department. The maxi-
mum diameters (A,) and transverse diameters
(B,) of the tumours were separately recorded,
and the tumour sizes (V,) were calculated as
“V,=A xB /2"

All the experimental rabbits subjected to TAE
treatment were scanned by perfusion CT 10
days after the operation. The sizes, locations
and shapes of the tumours as well as whether
necrosis and intrahepatic metastasis were pre-
sent in the rabbits were reanalysed. The maxi-
mum diameters (A,) and transverse diameters
(B,) of the tumours were separately recorded,
and the tumour sizes (V,) were calculated as
“V,=A,xB,?/2". The tumour growth rates (TGR)
were also calculated as “TGR (%) =V,,/V,".

Tissue analysis

All animals were euthanized with an overdose
of chloral hydrate (10%) (Laboratory Animal
Center, HuaZhong University of Science and
Technology, Wuhan, China). The tumour and
surrounding liver tissues were removed. Every
tissue sample was bisected, with each half
including the tumour and surrounding liver tis-
sues. All the liver tissues were embedded in
Optimal Cutting Temperature compound (Sa-
kura, Tokyo, Japan) and cut into 10-um-thick
frozen slices at the greatest tumour diameter
for immunofluorescence analysis as described
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previously [22]. The primary antibodies used
for tissue immunofluorescence included rabbit
anti-HIF-a  antibody (GTX127309, GeneTex,
Southern California, USA), mouse anti-TGF-$3
antibody (ab27969, Abcam, Cambridge, Eng-
land), rabbit anti-Ki67 (ab92742, Abcam, Cam-
bridge, England), mouse anti-CD31 (M0823,
Dako, Denmark), and rabbit anti-E-cadherin
antibody (20874-1-AP, Proteintech Group Inc.,
Chicago, USA). The corresponding secondary
antibodies included Alexa Fluor 488-conjugat-
ed donkey anti-rabbit 1gG antibody (ANT024,
Antgene, Wuhan, China), FITC-conjugated goat
anti-mouse 1gG antibody (AS1112, Aspen, Wu-
han, China), and Alexa Fluor 594-conjugated
donkey anti-rabbit 1gG antibody (ANTO27, An-
tgene, Wuhan, China). Briefly, after fixation in
4% paraformaldehyde and blocking with 10%
goat serum, the sections were stained with pri-
mary antibodies overnight at 4°C. These anti-
bodies were detected with a fluorescence-
labelled secondary antibody, and the nuclei
were then stained with DAPI. Finally, the sec-
tions were sealed with antifade mounting medi-
um and visualized under a fluorescence micro-
scope (Olympus, Japan) or an Olympus FV1000
(Japan) confocal laser scanning microscope.

Statistical analysis

All data are presented as the mean + SD. Mea-
surement data were analysed statistically by
one-way ANOVA and double-factor variance
analysis. P<0.05 was considered statistically
significant, and all line figures were drawn using
GraphPad Prism 6.0 (GraphPad Software,
California, USA).

Results

Conventional TAE killed most tumour cells but
did not thoroughly induce necrosis of the tu-
mour lesion

As mentioned above, TAE is recognized as one
of the most important therapeutic methods for
treating HCC, as it has prolonged the survival of
HCC patients in recent years; however, the out-
comes of TAE treatment remain modest [23,
24]. While TAE can kill most tumour cells, it can-
not clinically induce thorough necrosis of the
tumour lesion due to some unavoidable rea-
sons. In this study, we also evaluated and com-
pared the necrosis conditions of the [+Gel/
microsphere and NS groups. cTAE could Kill

Am J Transl Res 2019;11(4):2155-2167



LY2109761 improves the therapeutic effect of TAE

Figure 1. TAE can kill most tumour cells, but residual tumour cells remain.
A. Tumour coagulated necrosis can be induced by lipiodol in combination

TACE via related pathways
[25]. In addition, TGF-B is con-
sidered a HCC hallmark be-
cause its overexpression is
potentially tightly correlated
with tumour progression and
survival. Hence, in this study,
we attempted to evaluate the
expression of the two speci-
fied factors both in vitro and in
vivo. In the vitro model, we
simulated the hypoxic condi-
tion after TAE by altering the
oxygen concentration to 5%,
which increased the protein
expression levels of Hif-la
and TGF-B in HepG2 cells
(Figure 2A). In addition, in the
vivo animal model, immuno-
fluorescence analysis showed
that the HIF-1a and TGF-B
expression levels were in-
creased after TAE in the VX2
hepatocellular carcinoma mo-
del compared with those in
the placebo group (NS group,
Figure 2B).

LY2109761 dose-dependently
inhibited cell proliferation

with a gelatin sponge or microsphere embolization. B. Large necrotic tumour

areas (indicated by the yellow arrows) were observed after embolization, but

residual tumour cells remained (black arrows).

most tumour cells but could not sufficiently
induce thorough necrosis of the tumour lesion,
as residual tumour cells remained (Figure 1). In
addition, such conditions induced a hypoxic
environment, which consequentially stimulated
the growth and metastasis of the remaining
tumour cells.

TGF-B and HIF-a overexpression was observed
in the tumour microenvironment after TAE or
HepG2 cells under hypoxic conditions

While embolization with iodized oil can be used
to treat liver cancer by blocking the blood sup-
ply to tumour and stroma cells, iodized oil can
also function as a cell killer due to its inherit
nature. However, in practical clinical work, con-
ventional TAE cannot induce thorough tumour
cells necrosis. As described in previous stud-
ies, the expression of HIF-1«, a protein induced
by hypoxia, was significantly improved after
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In this study, the cytotoxicity of
LY2109761 was determined
by the CCK-8 assay and tryp-
an blue staining. HepG2 cells were treated with
LY2109761 at different concentrations, fol-
lowed by a 4 h incubation in CCK8 solution
under different oxygen concentrations (21%
and 5%). The toxicity of LY2109761 was dose-
dependent (Figure 3A), ranging from 0.001 to
20 uM; LY2109761 was not cytotoxic from
0.001 to 1 uM but was cytotoxic at 10 and 20
UM. Similar results were obtained with trypan
blue staining (Figure 3B).

LY2109761 suppressed the migration and in-
vasion of HCC cells in both normal oxygen and
hypoxic conditions

In the past decade, TGF-B1 has been recog-
nized as a key driver of liver fibrosis, resulting
in a higher risk of HCC development [21, 26,
27]. In addition, as previously mentioned, TGF-
B1 may helped trigger EMT during the tum-
our growth process, which facilitates tumour
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Figure 2. Hypoxia increased the TGF-B and HIF-a expression in vitro and in vivo. A. Hypoxia increased the protein
expression levels of HIF-1a and TGF-f3 and in HepG2 cells compared with those in the normal oxygen group. B. The
expression levels of HIF-1a and TGF- were increased after TAE in the VX2 hepatocellular carcinoma model com-

pared with those in the NS group.

spreading and metastasis via downregulating
E-cadherin. Some studies have confirmed that
the small molecule kinase inhibitor galunisertib
selectively blocks TGF-BR1, thereby inhibiting
induction of the canonical Smad-2 signalling
pathway [28]. Smad-2 inhibition increases the
E-cadherin level, reducing the migratory and
invasive capabilities of HCC.

Hence, to evaluate alterations in tumour cell
migration and invasion properties and to evalu-
ate the inhibitory effect of LY2109761 on the
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migratory and invasive properties of HCC cells,
wound healing and transwell-based migration
assays were performed herein in a vitro model
under 5% 0, and 21% O, conditions. As antici-
pated, LY2109761 significantly suppressed the
migration and invasion of tumour cells (Figure
4). It inhibited the migration of HepG2 cells at a
very low dose (0.001 pM). Consistent with the
wound healing assay result, the invasive prop-
erty of HepG2 cells was greatly suppressed by
LY2109761 at a dose of 1 yuM under normal cul-
ture conditions (Figure 4A, 4B). LY2109761

Am J Transl Res 2019;11(4):2155-2167



LY2109761 improves the therapeutic effect of TAE

>
- -
o 3]
1 1

Relative optical density
o
[4,]
L

0.0 T T T T T

T T
& R @\ S N P
LY2109761(uM)

[vs)
-
o
o
1

75

25

The ratio of viarable cell (%)
3

0 T T T T T T T
Q> N N N N 9 o
d & & o
LY2109761(uM)

Figure 3. LY2109761 toxicity is dose-dependent. A.
LY2109761 toxicity appeared at the 10 uM concen-
tration, as measured by the CCK-8 assay. B. Similar
results were obtained with trypan blue staining.

also suppressed the migration and invasion of
tumour cells under hypoxia (Figure 4C, 4D).

Hypoxia substantially activated the Smad
pathway, while LY2109761 significantly inhib-
ited this pathway under normoxic and hypoxic
conditions

A growing body of evidence highlights that the
TGF-B/Smad pathway is tightly associated with
the proliferation of tumour cells. Previously
studies have proven that the small molecule
kinase inhibitor LY2109761 selectively blocks
TGF-BR1, thereby inhibiting induction of the
canonical Smad-2 signalling pathway. Smad-2
inhibition increases the E-cadherin level, reduc-
ing the migratory and invasive capabilities of
HCC. Therefore, in this study, we investigated
the expression levels of phosphorylated Smad-
2 and E-cadherin as well as HIF-1a expression
via Western blot analysis.

LY2109761 substantially downregulated pSm-
ad expression in both normoxic and hypoxic
conditions (Figure 5A), illustrating that LY21-
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09761 significantly inhibits the pSmad path-
way. We also observed that hypoxia inhibited
the protein expression of E-cadherin in HepG2
cells, while LY2109761 enhanced E-cadherin
expression under normoxic and hypoxic condi-
tions (Figure 5B).

LY2109761 improved the therapeutic effect
of TAE and inhibited intravasation and metas-
tasis after TAE in a VX2 hepatocellular carci-
noma model

As previously described, LY2109761 inhibits
HepG2 cell proliferation in a dose-dependent
manner. Thus, we further evaluated the thera-
peutic effect of LY2109761 in combination with
TAE in a VX2 rabbit model. Analysis of the
tumour growth rates of the three groups re-
vealed that the growth rate of Group I-LY+Gel
was significantly decreased compared with that
of the other groups (P<0.05, Figure 6). A histo-
gram (Figure 6C) shows that compared with
simple lipiodol embolization, combining TAE
with LY2109761 for treatment of the rabbit VX2
liver cancer model better inhibited tumour
growth after TAE. Furthermore, we also evalu-
ated intrahepatic metastasis in liver specimens
acquired 10 days after the TAE procedure.
While the tumours developed coagulation ne-
crosis after embolization, intrahepatic metas-
tases were still visible (Figure 6B). In contrast
with the number of intrahepatic metastases in
the I+Gel group, that in Group I-LY+Gel was
markedly decreased.

Expression levels of related proteins involved
in HCC growth and metastasis

We further evaluated the expression levels of
nuclear antigen Ki67, CD31 and E-cadherin,
which are proven to be involved in tumour
growth and metastasis, via immunofluores-
cence staining. The Ki-67 protein (also known
as MKIGT) is a cellular marker for proliferation
and is strictly associated with cell proliferation.
Immunofluorescence analysis showed that
Ki67 expression in the surviving tumour was
increased after TAE treatment, and TAE in com-
bination with LY2109761 inhibited Ki67 expres-
sion in the remaining tumour cells (Figure 7A).
Similar findings were also showed with CD31,
which is known to be tightly correlated with
tumour angiogenesis. Staining for CD31 in the
I-LY+Gel group was much lower than that in the
I+Gel group (Figure 7B), suggesting that TAE
combined with LY2109761 inhibits tumour
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Figure 4. LY2109761 significantly suppressed the migration and invasion of tumour cells. A, B. LY2109761 inhibited
the migration of HepG2 cells at a very low dose (0.001 uM). Consistent with the wound healing assay result, the
invasive property of HepG2 cells was greatly suppressed by LY2109761 at a dose of 1 uM under normal culture con-
ditions. C, D. LY2109761 also suppressed the migration and invasion of tumour cells in the hypoxic state. *P<0.05,
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Figure 5. Hypoxia substantially activated the Smad pathway. A. LY2109761
significantly inhibited the Smad pathway under normoxic and hypoxic condi-
tions. B. Hypoxia inhibited the protein expression of E-cadherin in HepG2
cells, while LY2109761 enhanced E-cadherin expression under normoxic
and hypoxic conditions. *P<0.05, **P<0.01 versus the control (in normal
groups), ##P<0.01 versus the control (in hypoxic groups).
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angiogenesis. Moreover, con-
sistent with our results in vitro,
E-cadherin expression in the
surviving tumour was decrea-
sed after TAE treatment, and
TAE combined with LY21097-
61 increased E-cadherin ex-
pression on the remaining
tumour cells (Figure 7C).

Discussion

Due to the hidden nature of
HCC onset, most patients are
already in advanced stages of
the disease at the time of
diagnosis and are thus not
candidates for curative treat-
ments, such as surgical resec-
tion and liver transplantation
[29-31]. Therefore, using dif-
ferent treatment strategies in
combination is very important
for the treatment of liver can-
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DSA before TAE

DSA after TAE

per the clinical application of
MTAs, especially during the
treatment of HCC, and new
therapeutic methods and tar-
gets are thus urgently needed
[34]. The intervention and mo-
nitoring of key pathways that
influence the biological behav-
iour of HCC is a key starting
point [34].

In this study, we simulated a
changing tumour microenvi-
ronment before and after TAE
both in vitro and in vivo. We
blocked the blood supply to
the tumour via embolization,
and injected LY2109761 di-
rectly into the lesion. Using

I-LY+Gel animal experiments, we con-

firmed that the TGF-[3 receptor
inhibitor LY2109761 inhibits

e NS tumour growth under hypo-

s [+Gel xic circumstances, which was

s FLY+Gel consistent with our in vitro

" results. Furthermore, subse-

. uent experiments on related
A q P

proteins and factors con-
firmed that LY2109761 may

Figure 6. TAE combined with LY2109761 can inhibit tumour growth and me-
tastasis in the rabbit VX2 liver cancer model. A. CT enhancement scan and
DSA aimed at liver cancer were performed on rabbits before and after in-
tervention embolization treatment. We observed round tumours in the liver
(black arrows), and the blood-supply vessels in the tumours were completely
blocked after treatment. B, C. Gross liver specimens were taken ten days
after embolization. The number of intrahepatic metastases (black arrow)
in the I-LY+Gel group was markedly decreased in contrast with that in the
NS/1+Gel group, and the growth rate of Group I-LY+Gel was significantly de-
creased compared with that of the other groups. *P<0.05 versus the NS

group, #P<0.05 versus the 1+Gel group.

cer. Over the past decade, as our knowledge of
tumour pathogenesis has improved, some
molecularly targeted agents have begun to
emerge. Moreover, in the new era of the war
against cancer, molecular targeted therapy
based on molecularly targeted agents (MTAs)
has gradually became an indispensable com-
ponent of the treatment regimen for patients
with HCC [8]. Sorafenib, which has been report-
ed to prolong the overall survival of HCC
patients, is now recommended as the first-line
therapy for systemic HCC treatment [32, 33].
However, low efficacy and drug resistance ham-
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inhibit liver cancer cell growth,
vascular invasion and dissem-
ination spreading by strongly
inhibiting the Smad-2 path-
way. In addition, via such me-
chanisms, E-cadherin expres-
sion was up-regulated on the
hepatocellular carcinoma cell
membrane, which further reg-
ulated cell adhesion and re-
duced the migration of he-
patoma cells.

TGF-B is a secreted polypeptide shown to have
biological activity in tumour cells and induce
the oncogenic transformation of noncancerous
cells in culture [35]. The TGF-B signal is dysreg-
ulated in different types of cancers and thus
affects the overall progression to malignancy.
For this reason, TGF- has been considered a
valuable target in oncology. A careful clinical
study testing doses of the improved TGF-B
receptor inhibitor in glioma patients revealed
strong beneficial effects and a complete lack
of cardiotoxic side effects, advancing the prom-
ise of anti-TGF-B therapy [36]. Nonetheless,
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Figure 7. Immunofluorescence analysis of the expression of proteins related to tumour growth and metastasis in
the VX2 rabbit model. A. Ki67 expression in the surviving tumour was increased after TAE treatment, and TAE com-
bined with LY2109761 inhibited Ki67 expression in the remaining tumour cells. B. Microvessel generation (CD31
staining) in the residual tumour was increased after TAE treatment, while TAE combined with LY2109761 inhibited
microangiogenesis in the residual tumour. C. E-cadherin expression in the surviving tumour was decreased after TAE
treatment, and TAE combined with LY2109761 increased the E-cadherin expression on the remaining tumour cells.
*P<0.05 versus the NS group, #P<0.05 versus the I1+Gel group.

increased ECM deposition is a characteristic that also contributes to increased tumour inter-
observed in many solid tumours, such as HCC, stitial fluid pressure, blocking the perfusion of
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anticancer therapies to tumour cells and gener-
ally contributing to chemoresistance [37-39].

TAE/TACE is considered an important interven-
tional therapeutic approach to treating HCC
patients, as it has several advantages (e.g., a
minimally invasive procedure rendering a short
recovery time for patients, a tumour-targeted
procedure inducing fewer side effects) [9].
However, in many cases, tumour cells adapt to
the highly anaerobic microenvironment result-
ing from TAE/TACE via a negative feedback
response. Although interventional embolization
in the treatment of liver cancer has played an
increasingly important role over the past 30
years [40, 41], its overall effects on liver cancer
and long-term efficacy has been unsatisfactory,
possibly due to changes occurring in the tumour
microenvironment after embolization that con-
tribute to the recurrence and metastasis of the
residual tumour. Based on domestic and inter-
national disciplines and the latest basic
research hot spots [42], we considered further
studying the impacts of interventional emboli-
zation on the liver cancer microenvironment
and the corresponding intervention strategies
to combat changes in the tumour microenviron-
ment after embolization to be necessary. Until
now, no systematic studies on changes in the
tumour microenvironment and targeted thera-
py in HCC patients after interventional emboli-
zation have been performed, and no reports on
using the TGF-BR inhibitor LY2109761 in inter-
ventional HCC therapy exist. Therefore, we pro-
pose a new concept of interventional emboliza-
tion combined with LY2109761 targeted thera-
py on the liver cancer microenvironment and
preliminary exploration in an animal liver can-
cer model. LY2109761 was shown to exhibit a
sufficient adjuvant effect in the treatment of
liver cancer embolization.

Our data indicate that it is activation of TGF-3/
Smad-2 pathway by an autocrine or paracrine
pathway and inhibition of E-cadherin expres-
sion in tumour cells under hypoxic condition
that leads to tumour proliferation and migra-
tion. Although the inhibitory effect of LY2109761
is weakened by the hypoxic environment,
LY2109761 can still achieve a good targeted
inhibition effect after increasing the concentra-
tion. Based on in vitro experiments, we did not
use oral or intravenous administration in liver
cancer model animals. We directly adminis-
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tered drugs via the tumour supplying artery
through intervention, and the local drug con-
centration in the tumour was greatly increased
by precise super-selective administration. At
the same time, the subsequent TAE treatment
can reduce the drug loss caused by blood flow
scouring. TAE treatment can kill tumours in a
large amount but the residual hypoxic tumour
cells will rapidly proliferate and metastasize.
LY2109761 at a higher concentration can
effectively inhibit the proliferation and metasta-
sis of hypoxic tumours. Based on the above
studies, LY2109761 infusion via tumour-fed
artery combined with TAE treatment can play a
good synergistic effect.

In summary, LY2109761 can effectively block
the TGF-B receptor pathway and up-regulate
E-cadherin expression on tumour cell mem-
branes under hypoxic conditions, which inhibits
the growth, invasion and migration of the resid-
ual tumour after embolization in an anoxic
microenvironment. Besides, these findings
make combing TAE and LY2109761 a promis-
ing potential therapy for interventional emboli-
zation. Finally, our efforts have deepened our
understanding of interventional liver cancer
treatment in the tumour microenvironment field
and hopefully provide a new target and strategy
for interventional liver cancer therapy.
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