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Abstract

Background: To investigate the efficacy of TACE combined with CQ, an autophagic inhibitor, in
a rabbit VX2 liver tumor model.

Methods: Tumor size was measured. And tumor growth rate was calculated to examine the effect
of the combined treatment. Apoptosis was detected by TUNEL assay. Meanwhile, autophagic
activity was detected by immunohistochemistry and Western blotting to investigate the mecha-
nism underlying. Liver function was also examined to assess feasibility and safety of the combined
therapy.

Results: Tumors in the control grew more than 4 times bigger after 14 days, while that in the
group of TACE alone just showed mild growth. But a slight shrinkage was shown after the
treatment of CQ+TACE. Growth ratio of TACE alone was 96.45% % 28.958% while that of
CQ+TACE was -28.73% % 12.265%. Compared with TACE alone, necrosis in CQ+TACE showed
no significant difference, however, the apoptosis was much higher. There were only 14.8+3.11%
apoptotic cells in TACE, but 33+4.18% in CQ+TACE, which suggests the increased apoptosis in
CQ+TACE contributed to the decrease of tumor volume. In terms of autophagic activity, the
result is negative when we immunostained sections of the control with LC3 antibody, but positive
in TACE alone and CQ+TACE. And the result of Western blot showed that there was just a low
level of LC3 I expressed in the control and CQ alone, but higher in TACE, and much higher in
CQ+TACE because CQ inhibited its degradation in autophagy. Compared with control, p62
decreased in TACE, but the decrease was partially reversed in CQ+TACE. In addition, toxicity of
CQ+TACE was assessed not higher than TACE alone, which supports the safety of CQ+TACE.

Conclusion: CQ+TACE works better than TACE alone in rabbit VX2 liver tumor model because
CQ inhibits autophagy induced by TACE. The inhibited autophagy loses its resistance to apoptosis
that apoptosis increased, which contributes to the inhibition of tumor growth. This study indicates
CQ may be a promising adjuvant to promote the effect of TACE.

Key words: Hepatocellular carcinoma, transcatheter arterial chemoembolization, chloroquine,
apoptosis, autophagy.

Introduction

Hepatocellular carcinoma (HCC) ranks the fifth
most common cancer and is the third leading cause of
death from cancer worldwide [1]. Although surgery is

the optimal treatment for liver cancer, only 10%-30%
of patients are able to take the radical resection as
most of them are detected at advanced stages when
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they have lost the opportunity of surgical therapy [2,
3]. For those unresectable HCC, transcatheter arterial
chemoembolization (TACE) is the most widely used
interventional procedure [4-6]. In addition, TACE has
been used as a preoperative or postoperative adjuvant
therapy in patients with respectable HCC in attempt
to improve survival [7, 8]. Therefore, about 95% of
patients with primary liver cancer require TACE
treatment.

However, the effect of TACE is unsatisfactory. It
is reported that preoperative TACE (injection of
chemotherapeutic agents mixed with lipiodol into the
hepatic artery supplying the tumor, followed by the
administration of embolizing agents such as Gelfoam
particles) cannot reduce the recurrence or prolong
survival after curative resection of HCC [7, 9], and
that TACE appears to be no better than transarterial
embolization (TAE, the embolization of hepatic artery
without using any chemotherapeutic agents) [10, 11]
.The fact that TACE is reported to be no better than
TAE, implies that the effect of chemotherapeutic
agents in TACE is uncertain. Hypoxia, resulted from
embolization, is probably one of the most important
factors rendering chemoresistance of cancer cells after
TACE [10, 12].

Our previous study found that hypoxia mediates
the chemoresistance of hepatocellular carcinoma cells
by inducing autophagy [13]. Autophagy enhances the
survival of hepatocellular carcinoma cells in hypoxia
and then decreases their apoptotic potential, and ac-
cordingly the cells become resistant to chemothera-
peutic agents. Thus combining autophagic inhibitor
with chemotherapeutic agent may promote the
apoptosis of hepatocellualar carcinoma cells in hy-
poxia, which in turn may promote the efficacy of
TACE. One of the widely used autophagic inhibitors
is chloroquine (CQ) which is a traditional drug for
treatment of malaria [14].In recent years; CQ is spe-
cially used as an autophagic inhibitor. It is a weak
base and usually trapped in acidic cellular compart-
ments, such as lysosomes [15]. The deacidification of
lysosomes by CQ impairs the activity of most lyso-
somal proteases that it inhibits the last step of au-
tophagic degradation process, and consequently in-
hibits autophagy [16].

Autophagy is a catabolic process that enables
cells to recycle amino acids and other intracellular
nutrients, and to obtain energy from recycled materi-
als [17]. The autophagy process occurs in three steps:
(1) autophagosome formation; (2) lysosomal fusion
with the autophagosome; and (3) lysosomal degrada-
tion [18]. As for the measurement of autophagy in
vivo, immunodetection of LC3 in tissue sections is
worth noting [19]. LC3, a marker of autophagosomes
in mammalian cells, is activated and relocalized to

intracellular vesicles when the lipid bilayer structure
sequesters cytoplasm to form autophagosomes [20]. In
addition, p62 is a multifunctional protein that binds to
LC3 and to ubiquitinated proteins, which mediates
the recognition of protein aggregates for autophagic
clearance [21, 22]. The accumulation of p62 marks the
dysfunctional autophagy which is not enough to
process the damaged proteins bound to p62 [23-25].

The objectives of this study were 1) to examine
the efficacy of the combination of TACE and CQ, an
autophagic inhibitor, in a rabbit VX2 liver tumor
model; 2) to explore the possible mechanism in vivo
and 3) to evaluate the safety and clinical feasibility of
this combination. To test the hypothesis that the
combination of autophagic inhibitor and TACE may
enhance the efficacy of TACE, we added autophagic
inhibitor-CQ into the mixture of lipiodol and chemo-
therapeutic agent, then measured the tumor size and
calculated the tumor growth inhibition ratio to ex-
amine the effect of combined treatment. We also de-
tected the apoptosis and autophagic activity to vali-
date the underlying mechanism. Finally, liver func-
tion was tested to explore the feasibility and safety of
the therapy.

Materials and methods

All experimental procedures have been ap-
proved by the Institutional Animal Care and Use
Committee of Second Military Medical University
(Shanghai, China).

Establishment of the animal model

Adult New Zealand White rabbits, weighing
2-2.5kg, provided by the Experimental Animal Center
of Second Military Medical University were used.
Tumor implantation was performed according to the
method outlined by Liang et al [26]. Briefly, solid tu-
mors for implantation were obtained by injecting VX2
tumor cell suspension into both thigh muscles of a
carrier rabbit. Two weeks later, the solid tumors were
harvested from the carrier rabbit. Then a rabbit VX2
liver tumor model was induced by inserting 2-3 pieces
of approximately 1mm3 harvested tumors into one
location in the left lobe of the liver of the rabbits for
experiments. Fourteen days after tumor implantation,
when the tumors were examined to be 15-30 mm in
diameter on the CT scan, the rabbits were used for
experiments.

Experimental design

Forty rabbits with VX2 tumors transplanted to
their livers were divided into four groups with ten
rabbits each for the study. The location and size of the
tumor were measured with CT scan. The tumor vol-
ume (V) was calculated according to the following
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equation [27, 28]: V = aXb2/2, where a is the longest
diameter and b is the shortest diameter of the tumor.
Depending on the calculated tumor volume, rabbits
with similar-size tumors were distributed evenly to
each group. Twenty rabbits were administered with
TACE with the solution: TACE alone, 2 mg/kg cis-
platin and 0.2 ml/kg lipiodol (n=10); CQ+TACE, 2
mg/kg cisplatin and 60 mg/kg CQ mixed into 0.2
ml/kg lipiodol (n=10). As a CQ alone group (CQ),
rabbits were treated with 60mg/kg CQ dissolved in
0.2 ml/kg physiological saline (n=10). And in the
control group (CON), ten rabbits were treated with 0.2
ml/kg physiological saline.

TACE

Two weeks after implantation, TACE was ad-
ministered. General anesthesia was induced and an
incision was made to expose the right common fem-
oral artery. When it was adequate, A 4-F vascular was
inserted as a substitute for an arterial sheath (Terumo,
Tokyo, Japan).With 4-F Cobra visceral catheter
(Terumo), celiac angiography was performed to iden-
tify the feeding arteries and surrounding vascular
anatomy. Then, the 3-F catheter system(Terumo) was
advanced super selectively into the left hepatic.

After positioning the catheter within the left he-
patic artery, the indicated substance or mixture was
injected. For the TACE and CQ+TACE group, a mix-
ture of cisplatin (2 mg/kg) and Lipiodol (0.2 ml/kg)
was injected carefully, followed by the embolization
of the gelatin sponge particles (Lipiodol Ultra-Fluide,
Labo-ratoire guerbet, Aulnay-Sous-Bois, France) until
flow reduction was observed. After the embolic ma-
terial was injected the catheter and sheath was re-
moved and the common femoral artery was ligated.

Antitumor effect assay

Follow-up CT examination was performed 1 and
14 days after the treatments to identify deposits of
lipiodol and to measure the tumor volume and tumor
growth inhibition ratio. The tumor volume was
measured and the tumor growth ratio was calculated
by comparing the tumor volume obtained before (Vb)
and 14 days after the treatments (Va) with the for-
mula: (Va/Vb-1) x 100.

Histological and Immunohistochemical Ex-
amination

At the 14th day after the treatments, the rabbits
were sacrificed and the intact livers were removed.
Formaldehyde-fixed,  paraffin-embedded  tissue
blocks were prepared from tumor tissues and cut into
4pm thick sections. For hematoxylin and eosin stain-
ing (H&E), the sections were stained by hematoxylin
and eosin and evaluated with a light microscope. And

for the immunohistochemical examination, all paraf-
fin embedded sections were dewaxed in xylene and
rehydrated in graded ethanol solutions. To block the
endogenous peroxidase, the slides were treated with
3% H>O, for 20 min, then washed with ddH,O three
times (5 min each). Antigens were retrieved with so-
dium citrate buffer (0.01M citric acid: pH 6.0) for 10
min at 100°C in boiling. Next, sections were incubated
with 10% BSA for 30 min at room temperature to re-
duce nonspecific binding, and then the primary anti-
bodies (anti-HIF-1a, anti-Bax and anti-Bcl-2 from
Santa Cruz Biotechnology, CA, USAjanti-LC3 and
anti-p62 from Novus Biological, Littleton, CO)were
applied to the sections at 4°C overnight. After wash-
ing in PBS three times (5 min each), sections were in-
cubated with anti-mouse or anti-rabbit IgG peroxi-
dase conjugated secondary antibodies (Bioworlde
Technology) at 37°C for 30 min. Bound secondary
antibody was detected by the 3,3’-diaminobenzidine
(DAKO) chromogen by standard methods.

Evaluation of apoptosis

The terminal deoxynucleotidyltransferase-
mediated nick-end labeling (TUNEL) assay was per-
formed according to the instructions in the reagent
kits (Roche Molecular Biochemicals). The number of
apoptotic bodies was determined and expressed rela-
tive to the total number of cells within 10 random
fields (X200) of cells. In each field, the number of
positive cell nuclei was calculated among 100 liver
cells nuclei. The rate of apoptotic cell nuclei is defined
as apoptotic positive cell nuclei/total cell nuclei in the
field.

Measurement of liver function

Blood samples were collected from all rabbits
before and at the 3rd day, the 7th day, and the 14th
day postoperatively. The plasma alanine aminotrans-
ferase (ALT) and aspartate aminotransferase (AST)
levels were tested with a biochemical autoanalyzer
(Fuji Medical System, Tokyo, Japan) according to the
manufacturer’s instructions.

Western Blotting

Before immunoblotting, cells were lysed in RIPA
lysis buffer (Beyotime) with 1 mM PMSF and the
protein concentrations were determined with a BCA
detection kit (Thermo). An equal amount of protein
from each sample was separated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE), transferred onto a NC membrane. After
blocking with 5% non-fat milk, the protein on mem-
brane was incubated with specific primary antibody
against LC3(Novus Biologicals, Inc) and p- actin
(Santa Cruz), followed by incubation with a second
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antibody. Immunoreactivity was detected by the Be-
yoECL Plus substrate system (Beyotime).

Statistical analysis

Quantitative data were expressed as mean + SD.
Significance between groups was performed with the
Kruskal-Wallis test and Mann-Whitney U test. P<0.05
was considered statistically significant. Statistical
analysis was performed with GraphPad Prism 5.0
software.

Results
Efficacy of CQ plus TACE is better than TACE

In the previous study, it is found that autophagy
mediates the chemoresistance of hepatocellular car-
cinoma cells in hypoxia [13]. Then we tried to combine
autophagic inhibitor—CQ with TACE to investigate
whether the addition of CQ could increase cell death
by sensitizing cancer cells to chemodrug in the hy-
poxic microenvironment caused by embolization,
which was done in a rabbit VX2 liver tumor model.
CQ was added into the mixture of cisplatin and lip-
iodol, then all of them were injected into the hepatic
artery by connecting tube, followed by perfusion of
embolizing agent—gelfoam. To detect whether hy-
poxia was induced by
TACE, the major transcrip-
tion factor HIF-1 that is
specifically activated during
hypoxia[29, 30] was exam-

ined by immunohistochem- SRS

istry. Sections were stained A
with HIF-la antibody be-
cause within the two subu-
nits of HIF-1: HIF-la and
HIF-1p, HIF-1a is the only

may contribute to the hypoxia existed in solid tumors.
Tumor volumes were examined 14 days after TACE.
On contrary to similar sizes of all tumors before
treatments, the sizes at the 14th day were significantly
different from one another. The average size of tu-
mors in the control was 21.146 + 1.779 cm3, while that
in CQ alone and TACE group was respectively 17.997
* 2541 cm?® and 7.858 * 1.158 cm?. But it was only
3.646 = 1.317 cm? in the CQ+TACE group (Fig.1B).
According to the result of growth rate, tumor in
CQ+TACE showed a slight shrinkage, and mild
growth was shown in TACE alone, and both tumors
in CQ alone and the control grew markedly (Fig.1C).
Growth rate in CQ+TACE was -28.73% * 12.265%,
while that in TACE was 96.45% * 28.958%. They were
significantly different with each other (p = 0.001),
which indicates the enhanced antitumor effect of
CQ+TACE, although both were lower than that in the
control (428.65% + 44.472%). What should be noted is
that growth rate in CQ alone was 349.925% + 63.525%,
which was not statistically different from control, in-
dicating CQ alone have no anticancer effect, at least at
the concentration used in this study. In conclusion,
CQ enhances the efficacy of TACE in the rabbit VX2
liver tumor model.

caQ TACE CQ+TACE

hypoxia dependent one.
Fig.1A showed that HIF-1a
was significantly upregu-
lated by TACE, which in-
dicates the typical hypoxic
environment resulted from
TACE. In addition to TACE
and CQ+TACE, results in
the control and CQ alone
were also positive, which

Tumor volume (cm®

Growth Rate (100%)

Fig 1. Chloroquine (CQ) enhances the antitumor effect of TACE in vivo. (A) Expression levels of HIF-1a in each group 14 days after
the treatment. A marked positive area was observed in the group of TACE and CQ plus TACE ,compared with those in control and CQ alone group.
(B) Fourteen days after treatments indicated, the rabbits were sacrificed and tumor sizes were measured. Tumor volumes after the treatment of TACE and
CQ+TACE were significantly smaller than that of the control. And compared with the tumor volume in TACE group, the volume in CQ+TACE was much
smaller. (C) The growth ratio was calculated according to the tumor volumes gained. In CQ+TACE group, compared with the initial tumor volume, the
volume 14 days after treatment shrank minimally. The tumor volume of rabbits received TACE alone grew mildly. On the contrary, the volumes in CQ
alone group and the control increased markedly. The values are shown as means * SD. Statistically significant differences are marked ** p<0.01.
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Fig 2. Apoptosis increases when combine CQ with TACE. (A) The histological sections of VX2 liver tumors 14 days after treatments
were stained with hematoxylin and eosin (H&E). The representative images were shown with original magnification of X200 and %400 (inset). Viable
tumor cells were found in tumor tissues of the control (a) and CQ alone (b) group. However, tissues after the administration of TACE (c) or CQ+TACE
(d) underwent massive necrosis. (B) Apoptosis detection in different tumor tissues 14 days after the treatments by TUNEL. Representative images were
shown (%200, left panel). Scattered positive cells were found in the group of TACE alone, while nearly none was found in the control and CQ alone group.
But a significant increase was observed in the CQ+TACE. Quantitative analysis of TUNEL positive cells was on the right panel. Data (means + SD)
represent the means of three independent experiments. *p<0.05. (C and D) The expression of Bax (C) and Bcl-2 (D) was analyzed by immunohisto-
chemistry (%X200). Two weeks after the treatment, the VX2 liver tumor tissues in each group were collected and prepared for immunohistochemistry with
Bax and Bcl-2 antibodies. It is evident that there are larger amount of Bax-positive and less Bcl-2-positive cells in CQ+TACE group (d) than the TACE alone
(c). And little Bax-positive and abundance of Bcl-2-positive ones are shown in the control (a) and CQ alone (b) groups.

Apoptosis increases in CQ plus TACE

TACE inhibits the tumor growth through necro-
sis resulted from embolization and apoptosis caused
by targeted chemotherapy [31, 32]. CQ enhances the
antitumor effect of TACE, but it is got by increase in
necrosis or apoptosis or both is not clear. We exam-
ined necrosis and apoptosis by H&E and TUNEL
staining respectively. As shown in Fig.2A, both
treatments of TACE and CQ+TACE caused obvious
necrosis in tumor; however, there was no significant
difference between them. On the contrary, apoptosis
in CQ+TACE was significantly higher than that of
TACE alone (Fig.2B). There were 14.8£3.11 % apop-

totic cells in TACE, but 33+4.18 % in CQ+TACE. Fur-
thermore, tumors of CQ+TACE were stained strongly
positive with proapoptotic protein Bax and negative
with antiapoptotic protein Bcl-2 by immunohisto-
chemistry; tumors of TACE alone were stained less
strongly positive with Bax than CQ+TACE, and
weakly strong with Bcl-2; in contrast, tumors of the
control were negative with Bax and stongly positive
with Bcl-2, which confirmed the higher level of
apoptosis in CQ+TACE (Fig.2C and Fig.2D). There is
no significant difference in necrosis between TACE
alone and CQ+TACE, but much higher apoptosis in
CQ+TACE, which suggests that CQ promotes the
anticancer effect of TACE mainly by increasing
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apoptosis induced by chemotherapeutic agent. This is
probably achieved by inhibiting autophagy although
this has to be demonstrated subsequently.

CQ inhibits autophagy induced by TACE

Embolization in the TACE results in hypoxia [10,
33] and hypoxia can induce autophagy [9, 34,35]. In
our study, hypoxia resulted from TACE has been
identified by expression of HIF-1a (Fig. 1A). Then in
order to demonstrate the hypothesis that increased
apoptosis in CQ+TACE is the result of inhibited au-
tophagy by CQ, autophagy activity in different
groups was evaluated by immunohistochemical
staining and Western blot with LC3 antibody. As
shown in Fig. 3A and C, the expression of LC3 in the
control and CQ alone was just in a basal level, but that
in TACE was shown in a high level, while it was
higher in CQ+TACE because CQ inhibits its degrada-
tion. In addition, the amount of p62, a selective sub-

strate of autophagy and an autophagy-related marker,
was measured. The p62 in the control and the CQ
alone were strongly positive because it is normally
accumulated without autophagy (Fig. 3B). Tissues in
TACE alone, however, were stained weakly positive
with p62. And within expectation, the amount of p62
increased again in CQ+TACE group because of the
inhibited autophagy by CQ (Fig. 3B). Results above
showed that autophagy was induced by TACE while
CQ could effectively inhibit it. Autophagy induced by
TACE enhanced the survivability of cancer cells,
which mediated the resistance of cancer cells to
chemotherapeutic agent. However, when the au-
tophagy is inhibited by CQ, survivability of cancer
cells decreased, and apoptosis caused by chemodrug
increased. Then combination with CQ could eventu-
ally promote the efficacy of TACE.

LC3
A CON cQ TACE CQ+TACE
p62
~ CON - ca TACE  CQ+TACE
B
R e e T— LC3- 1
. S— LC3-1I
> [3-actin
c CON cQ TACE CQ+TACE

Fig 3. Expression of autophagy maker LC3 and p62 in immunohistochemical staining and immunoblotting assay . (A) Representative
images of immunohistochemical staining with LC3 antibody in each group 14 days after the treatment. The LC3-positive cells were greatly increased in the
groups receiving TACE, whereas CQ (CQ+TACE) diminished the expression of LC3. And there was a little positive cells shown in the control and CQ
alone groups. (B) Immunohistochemistry against p62. Relative high expression of p62 was observed in the control and CQ groups. On the contrary, much
less p62-positive cells could be found in the group of TACE as autophagy was activated by embolization. Then when CQ was added in CQ+TACE group,
the level of p62 was increased again. Magnification, %X200. (C )The result of Western blot showed that the accumulation of LC3 was upregulat-

ed in TACE and CQ+TACE, but LC3Il in CQ+TACE was higher than TACE.
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Fig 4. Assessment of the toxicity. Concentrations of ALT (A) and AST (B) in the blood increased transiently at 3 days after TACE whether CQ was
combined or not. At 14 days after TACE or CQ+TACE, both of them returned to the levels before treatments in all groups. The values are shown as means
+ SD and the result showed no statistically significant difference between TACE or CQ+TACE group.

CQ plus TACE is as safe as TACE

Insults to nontumorous parenchyma are inevi-
tably induced during TACE by embolic materials or
anticancer drugs [36]. If additional CQ aggravates this
damage severely, it can’t be a promising adjuvant
agent in TACE even though it could enhance tumor
growth inhibition significantly. The safety of
CQ+TACE was assessed in rabbit VX2 liver tumor
model. A time-course study of alanine aminotrans-
ferase (ALT) plasma and aspartate aminotransferase
(AST) concentrations before and after the treatments
is shown in Fig. 4. At first, both ALT and AST levels of
different groups were similar to each other. 3 days
after the treatment, they increased transiently and
significantly, but decreased at the 7d time point. On
the 14th day, ALT and AST concentrations in the
group of CQ alone returned to the same normal level
as the control, which indicated that CQ itself has no
significant effect on liver function. But their level in
TACE and CQ+TACE groups were significantly
higher than the control 14 days after the treatments.
However, both ALT and AST of CQ+TACE were not
higher than TACE alone. Actually the level of ALT
and AST in CQ+TACE group was more or less lower
than that of TACE alone, but unfortunately this dif-
ference was not statistically significant. The goal of
TACE is to promote tumor necrosis and control tumor
growth while preserving as much functional liver
tissue as possible [31]. Data above showed that liver
injury caused by TACE may decrease when combined
with CQ. Therefore, CQ may be used in clinical set-
tings as an effective additive to TACE in the future to
promote the efficacy of TACE.

Discussion

Hypoxia is one of the important factors that
cause chemoresistance. In addition to the various
mechanisms for chemoresistance induced by hypoxia,
such as delivery and cellular uptake failure of drugs,
loss of free radicals contributing to cytotoxicity, de-
crease of the proliferation rate of cancer cells, angio-
genesis and so on, autophagy is the mechanism that
also mediates chemoresistance in hypoxia but found
afterwards. As one of the optimal treatments for ad-
vanced HCC, TACE shows its anticancer effect
through causing cell death by embolization and
chemotherapeutic agent. Embolization mainly causes
necrosis while chemotherapeutic agent mainly causes
apoptosis. However, because embolization results in a
hypoxic microenvironment which contributes to
chemoresistance, the effect of chemodrug is always
poor. A large body of research has shown that TACE
is not superior to TAE.

In order to promote the efficacy of TACE, espe-
cially to enhance the effect of chemodrug in TACE, we
combined CQ, a well-known anti-malarial agent, that
inhibits lysosomal acidification and blocks the termi-
nal stage of autophagy [37], with TACE with the ex-
pectation that CQ would increase the chemosensitiv-
ity of cancer cells, because in our previous study, we
found that autophagy mediates the chemoresistance
of hepatocellular carcinoma cells in hypoxia. To
mimic the clinical TACE treatment, rabbit VX2 liver
tumor model was used and TACE was administered
by punctuating through femoral artery. The combina-
tion of CQ and TACE showed predominant antitumor
effect than the TACE alone as the tumor growth rate
in the CQ+TACE was much lower than that in the
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TACE. This result is consistent with the previous re-
ports that the combination of chemotherapeutic agent
with autophagic inhibitor led to more pronounced
tumor suppression in HCC xenografts [38, 39].
Meanwhile, the level of CD133 and EpCAM that is
used to show the amount of remaining tu-
mor-initiating cells was also examined by immuno-
histochemistry. The expression of EpCAM was not
significantly different among the four groups, and the
level of CD133 was higher in the groups of TACE and
TACE+CQ, but there was no difference between these
two groups (data not shown), suggesting that the
combination of CQ and TACE may not affect the pos-
sibility of recurrence.

The mechanism underlying the significant anti-
cancer effect of CQ+TACE was investigated subse-
quently. Necrosis was estimated at first as it is the
main kind of cell death in TACE. Results showed that
there is no difference in TACE and in CQ+TACE in
necrosis. But analyzing all the results of H&E staining,
a little part of the tissue sections after TACE, whether
with or without CQ, showed nearly thorough necro-
sis. This is precisely consistent with the results in
clinical treatments where some of the patients were
especially suitable for TACE that exceptionally good
prognosis was attained. Knowing that there was no
significant difference in necrosis, then apoptosis was
analyzed. Data from TUNEL staining showed that
there were much more apoptotic cells in CQ+TACE
than TACE alone, and there was almost no apoptosis
in the tissue section of CQ alone and the control,
which demonstrated that CQ promoted the apoptosis
induced by chemotherapeutic agent but not the effect
of CQ itself. All of these results verified our hypothe-
sis that CQ inhibits autophagy induced by hypoxia
resulted from embolization in TACE, which in turn
depresses the growth of cancer cells in hypoxia; cell
death occurs consequently as they become more sen-
sitive to apoptosis induced by chemotherapeutic
agents. This is also supported by the observation in
vitro in HeLa cells [40] as well as in vivo in murine
model of head and neck squamous cell carcinoma
[41]. Moreover, inhibition of active autophagy induces
apoptosis and increases chemosensitivity in cholangio
carcinoma [42].

Autophagy enables cancer cells to survive the
harsh conditions of their microenvironment; it also
enables them to sustain chemotherapy thus conferring
resistance. High level of autophagy detected in cells
exposed to anticancer agents signifies an adaptive
response [37]. In our present study, we tested LC3 and
measured the amount of a selective autophagy sub-
strate. The results showed that autophagy was indeed
induced by TACE. Previous studies report that it is

unlikely that TACE alone would prolong survival,
because TACE can evoke a variety of complications,
usually arising from underlying causative factors in-
cluding compromised liver function, main portal vein
obstruction and so on[43]. One of the disadvantages of
TACE was its subsequent damage of the liver func-
tion, which could be reduced by CQ slightly. The
combination of CQ and TACE, therefore, can inhibit
the tumor growth substantially without severe ad-
verse effects on background liver function. This is
convincing evidence for the promising application of
CQ in clinical treatment in future. However, the
mechanism is not clear. It may attribute to the speci-
ficity of CQ on cancer cells. Cancer cells can gain more
autophagy activity than normal cells. Since CQ targets
the cancer cells which show high level of autophagy,
the chemotherapeutic agent is, therefore, easier to kill
cancer cells so that less normal liver cells are attacked.
Thus the liver function damage caused by TACE is
reduced.

In conclusion, our study proposed a novel ther-
apeutic strategy for liver cancer by demonstrating that
combining CQ with TACE would improve the effi-
cacy and safety of TACE. This strategy could be par-
ticularly beneficial to patients who are sensitive to
CQ+TACE for improved survival.
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