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Objective: To investigate the possible mechanisms and effects of silibinin (SIL) on the
proliferation and lung metastasis of human lung high metastasis cell line of salivary gland
adenoid cystic carcinoma (ACC-M).

Methods: A methyl thiazolyl tetrazolium assay was performed to detect the inhibitory effects
of SIL on the proliferation of ACC-M cells in vitro. Fluorescence microscopy and transmission
electron microscopy were used to observe the autophagic process. Western blot was performed to
detect the expression of microtube-related protein 1 light-chain 3 (LC3). An experimental adenoid
cystic carcinoma (ACC) lung metastasis model was established in nude mice to detect the impacts
of SIL on lung weight and lung cancer nodules. Immunohistochemistry was used to detect the
expressions of LC3 in human ACC samples and normal salivary gland tissue samples.
Results: SIL inhibited the proliferation of ACC-M cells in a dose- and time-dependent manner,
and inductively increased the autophagic bodies in ACC-M cells. Furthermore, SIL could increase
the expression of LC3 in ACC-M cells and promote the conversion of LC3-I into LC3-1I in a
dose- and time-dependent manner. In the ACC lung metastasis model, the lung weight and left
and right lung nodules in the SIL-treated group were significantly less than those in the control
group (P<0.05). The expressions of LC3-1 and LC3-II as well as the positive expression rate of
LC3 (80%) significantly increased, but the positive expression of LC3 in human ACC (42.22%)
reduced significantly.

Conclusion: SIL could inhibit the proliferation and lung metastasis of ACC-M cells by
possibly inducing tumor cells autophagy.

Keywords: silibinin, adenoid cystic carcinoma, ACC-M cells, autophagy, microtube-related
protein 1 light-chain 3

Introduction

Silibinin (SIL) is a flavonolignan compound extracted from the fruits and seeds of
Silybum marianum. Recent studies have found that SIL has strong antitumor activi-
ties toward a variety of epithelium-derived tumors such as colon,' prostate,” or lung
cancer,* and induction of tumor cell autophagy might be one of the mechanisms.
Autophagy is a stress reaction of cells under starvation, hypoxia, and other internal
or external environmental pressure conditions. Partial cytoplasmic matrices could be
transported into lysosomes via autophagy, and their degradation products could provide
substrates for anabolic metabolism and adenosine triphosphate synthesis. Autophagy
is conducive for recycling cellular components, thereby maintaining homeostasis and
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survival of cells, while its dysfunction plays a major role in
multiple human diseases such as cancers, neurodegenerative
diseases, aging, or microbial infections.*® Adenoid cystic
carcinoma (ACC) is the most common malignant tumor of
the epithelial salivary glands and could easily show distant
metastasis and local recurrence. Its clinical prognosis is poor
and it is often fatal.” ACC has been receiving increasing
attention because of its unique neurotropic and high potential
for lung metastasis. Most ACCs grow slowly; thus, there is
a long window period for clinical intervention and measures
to prevent malignancy. Therefore, exploration of new drugs
that can inhibit the proliferation and lung metastasis of ACC,
as well as the mechanisms underlying these processes has
great significance in further improving the treatment of ACC
and prolonging the survival of patients with ACC. This study
investigated the impacts of SIL on the proliferation and lung
metastasis of human lung high metastasis cell line of salivary
gland adenoid cystic carcinoma (ACC-M) cells and the pos-
sible underlying mechanisms. The results revealed that SIL
could inhibit the in vitro proliferation of ACC-M cells and
induce autophagy. SIL could also inhibit lung metastasis
of ACC-M cells in an experimental nude mouse model and
induce autophagy in pulmonary metastatic tissues. Further-
more, our study also found that the positive expression rate
of light-chain 3 (LC3), an autophagy-related protein, in
ACC patients was lower than that in the normal glandular
tissues, suggesting that SIL could inhibit the proliferation
and lung metastasis of ACC-M cells via autophagy induc-
tion. Therefore, because of its low toxicity and antitumor
effects, SIL has the potential to become a new therapeutic
option for ACC.

Materials and methods

Methyl thiazolyl tetrazolium (MTT) assay

The ACC-M cells (catalog number GDC066) were provided
by the China Center for Type Culture Collection, Wuhan
University (Wuhan, People’s Republic of China). They were
screened through five consecutive passages in nude mice
in vivo at the College of Stomatology, Shanghai Jiao Tong
University (Shanghai, People’s Republic of China).® The
cells were conventionally cultured in Roswell Park Memorial
Institute 1640 culture medium (Hyclone, Logan, UT, USA)
containing 10% fetal bovine serum (Hyclone) at 37°C and 5%
CO,. The ACC-M cells in the logarithmic growth phase were
then harvested, and the cell density was adjusted to 2.5x10%/
mL, followed by seeding into 96-well plates (150 puL per
well). Each well was setup with five parallel wells and a nega-
tive control. After culturing for 24 hours at 37°C under 5%
CO,, different concentrations of SIL were added. The final

concentrations of SIL (Sigma-Aldrich, St Louis, MO, USA)
used were 20, 40, 80, 120, and 160 pwg/mL, which were then
cultured for 24, 48, and 72 hours, respectively. Subsequently,
15 uL of MTT (Sigma-Aldrich) (5 mg/mL) was added to
each well and recultured/incubated for another 4 hours, after
which the supernatant was sucked and discarded; 150 UL of
dimethyl sulfoxide (Sigma-Aldrich) was then added into
each well. After slightly shaking the cultures for 10 minutes
on a shaking table to completely dissolve the crystals, the
absorbance of each well (optical density) at 570 nm was
measured with one microplate reader (Molecular Devices,
Ramsey, MN, USA); the cell growth curve was then drawn
based on the absorbance values.

Observation of cell autophagy by

monodansyl cadaverine (MDC) staining
According to a previous report,” the ACC-M cells in the
logarithmic growth phase were harvested, and the cell con-
centration was adjusted to 1x105/mL and seeded in cover
slip containing 12-well plates for a 24-hour culture; SIL was
then added at a final concentration of 80 pg/mL for a 24-hour
culture. After discarding the supernatant, 0.05 mM MDC
(Sigma-Aldrich) was added to the cells and cultured at 37°C
in darkness for 10 minutes. After washing the ACC-M cells
four times with 4°C phosphate-buffered saline for 5 minutes,
the cover slips paved with the ACC-M cells were directly
covered upside down on the slide for an instant observation
and photography using a fluorescence microscope (Olympus,
Melville, NY, USA) with excitation and emission wave-
lengths of 380 and 525 nm, respectively.

Transmission electron microscope (TEM)
The ACC-M cells in the logarithmic growth phase were
harvested and cultured with SIL (80 pg/mL) for 24 hours.
The cells were then subjected to the following processes:
fixation, gradient dehydration, soaking with 1:1 epoxy resin
mixture and pure acetone, embedding, sectioning, and lead
acetate—lead nitrate dual staining. The cells were afterward
observed and photographed under a TEM (Olympus).

Animal grouping and processing

Twenty BALB/c nu/nu mice (15-25 g, 3—4 weeks old, male:
female =1:1) were provided by the Experimental Animal
Center of Central South University. After being fed for a week
under specific pathogen-free conditions, these mice were
randomly divided into two groups (n=10, male:female =1:1).
Each mouse was injected with 0.2 mL of ACC-M cell
suspension (1x10%mL) via the tail vein. After 24 hours,
the mice in the experimental group were intraperitoneally
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injected with 0.8 mL of 1 mg/mL SIL solution daily while
the control group was injected with the same volume of
an Roswell Park Memorial Institute 1640 medium. After
6 weeks, all mice were sacrificed by cervical dislocation
and the lungs were then removed, cleaned, and weighed to
calculate the number of bi-lung tumor nodules. The left lung
tumor nodules were then separated and stored in liquid nitro-
gen for Western blot analysis; the remaining lung tissues
were subjected to formalin fixation and paraffin embedding
for the subsequent immunohistochemical assay. This study
was carried out in strict accordance with the recommen-
dations in the Guide for the Care and Use of Laboratory
Animals of the National Institutes of Health. The study was
reviewed and approved by the Institutional Animal Care and
Use Committee of the Central South University.

Western blot

The radioimmunoprecipitation assay (Sigma-Aldrich)
lysate and phenylmethylsulfonyl fluoride (Sigma-Aldrich)
were mixed to extract the total proteins from the SIL-treated
ACC-M cells and the lung metastases of ACC nude mice.
The bicinchoninic acid method was used to detect the total
proteins. The proteins were then mixed with 2X sodium
dodecyl sulfate loading buffer and heated until denatur-
ation. Fifty micrograms of proteins was loaded into each
lane for a 12% sodium dodecyl sulfate polyacrylamide gel
electrophoresis. Afterward, the proteins were transferred
onto one polyvinylidene difluoride membrane, followed
by closure with 3% skimmed milk at room temperature
overnight; the primary antibodies (anti-B-actin antibody
(Abgent, San Diego, CA, USA): diluted with Tris-buffered
saline and tween 20 (TBST), 1:2,000; anti-LC3 antibody
(Abgent): diluted with TBST, 1:500) were then added and
incubated at 4°C overnight. After washing with TBST three
times (slightly pendulated for 10 minutes each time), an
horse radish peroxidase-conjugated goat antimouse IgG
(Abgent) (dilution with TBST, 1:2,000) was added and
incubated at room temperature for 1 hour. After subse-
quently washing with TBST three times for 10 minutes,
the ECL kit (Santa Cruz Biotechnology, Santa Cruz, CA,
USA) was used for coloration and the films were then
developed in darkness.

Immunohistochemistry

The paraffin-embedded ACC specimens, as well as
the complete clinical data of 45 patients treated in the
Department of Oral and Maxillofacial Surgery, Xiangya
Hospital, Central South University, from January 2006 to
2012 were collected. All the patients were not subjected to

preoperative radiotherapy and chemotherapy. Furthermore,
23 normal salivary gland specimens were obtained, which
were resected due to benign tumor, 1.0 cm away from the
tumor border, and showed no inflammatory cell infiltration
after hematoxylin and eosin staining. The collection of all
the specimens was approved by the ethics committee of
Xiangya Hospital.

The paraffin-embedded specimens of the ACC, normal
salivary gland, and lung metastatic tissues in the ACC
nude mice were treated in the following processes in turn:
conventional slicing, dewaxing, hydration, endogenous
peroxidase removal with 3% H,O,,
retrieval, 2-hour calf serum closure, and overnight incuba-
tion with LC3 rabbit polyclonal antibody (NOVUS Co.,
Littleton, CO, USA) at 4°C. Fifty microliters of the horse
radish peroxidase-conjugated goat antirabbit IgG second-

microwave antigen

ary antibody (Abgent) working solution was then added
dropwise and incubated at 37°C for 30 minutes, followed by
diaminobenzidine (Sigma-Aldrich) coloration, hematoxylin
restaining, hydrochloric acid differentiation, saturated lithium
carbonate re-blue-staining, gradient alcohol dehydration,
xylene hyalinization, and neutral resin mounting in turns.
Phosphate-buffered saline was used to replace the primary
antibody for the negative control.

Determination of immunohistochemical staining results:
all the slices were reviewed by two pathologists independently
according to the blind method, and the appearance of brown
particles in the cytoplasm was determined as positive. Five
high-power fields were randomly selected for the observation,
and 100 cells were selected from each field for the counting.
The following results were finally comprehensively evaluated
according to the positive cell rate and the staining intensity:
1) scores of the positive cell ratio (to the overall cells):
0 point: <10%, 1 point: 10%—25%, 2 points: 26%—50%,
3 points: >50%; 2) scores of the staining intensity: 0 point:
nonstained, 1 point: pale yellow, 3 points: yellow to brown,
2 points: between 1 and 3 points; 3) total score = the score
of the positive cell ratio X the score of staining intensity:
0-1 point: negative, 2-3 points: weak positive, 45 points:
moderate-strong positive, >6 points: strong positive.

Statistical analysis

SPSS 13.0 (SPSS Inc., Chicago, IL, USA) statistical software
was used for the statistical analysis. For multigroup compari-
son, analysis of variance was used, whereas for comparison
of intergroup measurement data, the #-test with heterogeneity
of variance was used; the counting data were performed using
the Fisher’s exact test, followed by the }? test, with P<<0.05
considered as statistically significant.
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Results
SIL inhibited the proliferation of the

ACC-M cells

MTT assay showed that under low dose (20 and 40 pg/mL)
and short intervention time (24 hours) conditions, SIL showed
no obvious influence on the proliferation of the ACC-M cells.
When the dose was increased (=80 pg/mL), SIL significantly
inhibited the proliferation of the ACC-M cells (P<<0.05),
and this inhibitory effect became more significant with an
increase in time (48 and 72 hours) (Figure 1).

SIL could induce the autophagy of
ACC-M cells

MDC is a marker of autophagy, which can selectively bind
with the intracellular autophagic vacuoles (AVs), thus exhib-
iting spotty bright green fluorescence around the nuclei and in
the cytoplasm under an excitation wavelength. The exposure
of ACC-M cells to 80 pwg/mL SIL for 24 hours significantly
increased the green fluorescent spots around the nuclei and in
the cytoplasm (Figure 2A), indicating that SIL could induce
the ACC-M cells to produce AVs. Examination by TEM
showed that, in the control group, the cells had large nuclei,
a clear nuclear membrane, a high nuclear/cytoplasm ratio,
aside shifted nucleoli, even cytoplasmic matrix density, and
microvilli on the cell surface. After the exposure of ACC-M
cells to 80 ug/mL SIL for 24 hours, the nuclear/cytoplasm
ratio decreased and vacuoles of various sizes were observed
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Figure | Impacts of SIL on the proliferation of the ACC-M cells by MTT assay.
Abbreviations: ACC-M, human lung high metastasis cell line of salivary gland
adenoid cystic carcinoma; MTT, methyl thiazolyl tetrazolium; OD, optical density;
SIL, silibinin.

in the cytoplasm. In addition, the cytoplasm partially
dissolved, AVs appeared, and even necrotic organelles could
be seen in partial AVs. Furthermore, the microvilli of the
cell surface became shorter (Figure 2B). Western blot assay
revealed that after different concentrations of SIL (40, 80,
120, and 160 pg/mL) acted on the ACC-M cell for 24 hours,
the expressions of LC3-I and LC3-II increased with an
increase in the concentration while the LC3-1I/LC3-I ratio
also increased. After 100 pg/mL SIL acted on the ACC-M
cells for 48 hours, the expressions of LC3-I and LC3-1I were
stronger than those subjected to a 24-hour intervention, and
so was the ratio of LC3-II/LC3-I. The results suggested that
SIL could increase the expression of autophagy-related LC3
proteins in a dose- and time-dependent manner as well as
promote the conversion of LC3-I to LC3-II (Figure 2C).

SIL inhibited the experimental lung

metastasis

After 1x10° ACC-M cells were injected via the tail vein for 6
weeks, the success rate of the lung metastasis in the nude mice
was found to be 100%; all the mice exhibited tumor nodules in
both right and left lung, indicating that the experimental lung
metastasis of ACC in nude mice was successfully established.
The lung weights in the control group and the SIL-treated
group were (4.20£0.06) and (4.0810.11) g, respectively. The
left and right lung tumor nodules in the control group were
(9.29£5.91) and (10.711£7.83), respectively, whereas those in
the SIL-treatment group were (3.11£3.76) and (2.2243.46),
respectively. The lung weight and the left and right lung
tumor nodules in the SIL-treated group were significantly
lower than the control group (P<<0.05) statistically (Table
1; Figure 3). The results suggested that SIL could inhibit the
experimental lung metastasis of ACC in nude mice.

SIL upregulated the expression of
autophagy-related protein LC3

Western blot revealed that the relative expressions of LC3-I
and LC3-II proteins in the SIL-treated group were higher
than in the control group (Figure 4A, P<<0.05). The immu-
nohistochemical assay revealed that LC3 was commonly
expressed in the cytoplasm, thus staining the cytoplasm
yellow or brown. The positive expression rate of LC3 in the
SIL-treated group was 80% (8/10), which was statistically
higher than that of the control group (30%, 3/10, P<<0.05)
(Figure 4B; Table 2).

The positive expression rate of LC3
The immunohistochemical assay revealed that the positive
LC3 rate in the 45 ACC specimens (42.22%) was significantly
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Figure 2 SIL induced the autophagy of the ACC-M cells.

Notes: (A) AVs detection by MDC staining (fluorescence microscope, x200). (al) The control group; (a2) the SIL-treatment groups, 80 ug/mL. (B) Ultrastructures of
AVs by TEM. (bl) The control group: clear nucleoli, large nuclear/cytoplasm ratio, aside-shifted nucleoli, even cytoplasm matrix density (x5,000); (b2) AVs in the cells of
the SIL-treatment group (x5,000). (C) Expression detection of LC3-I and LC3-Il by Western blot. (cl) Expressions after cultured with different concentrations of SIL for
24 hours; (c2) expressions of LC3-l and LC3-Il after 100 ug/mL of SIL acted on the ACC-M cells at different time periods.

Abbreviations: ACC-M, human lung high metastasis cell line of salivary gland adenoid cystic carcinoma; AVs, autophagic vacuoles; LC3, light-chain 3; MDC, monodansyl
cadaverine; SIL, silibinin; TEM, transmission electron microscopy.
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Table | Comparison of lung weight and lung tumor nodules
between the two groups

Group Lung weight (g) Left lung tumor Right lung tumor
nodules (pieces) nodules (pieces)

SIL 4.08£0.1 I* 3.1143.76* 2.22+3.46*

Control  4.20+0.06 9.29+5.91 10.71£7.83

P-value  0.035 0.023 0.029

Notes: Data presented as mean + standard deviation. *Significant difference when
compared with the control group, P<0.05.

Abbreviation: SIL, silibinin.

lower than that in the 23 normal salivary gland specimens
(91.30%) (Table 3, P<<0.05).

Among the 45 ACC specimens, 19 (42.22%) specimens
exhibited positive LC3 expression in the cytoplasm and
partial nuclei; the expression level was lower, mainly weak
positive (16/45, 35.36%), and the positive result accounted
for 6.67% (3/45); 26 specimens showed no LC3 protein
expression (57.78%). Among the 23 normal salivary gland
specimens, 21 (91.30%) specimens exhibited positive LC3
expression in the cytoplasm and nuclei; the expression level
were higher, and mainly strong positive (10/23, 43.49%),
positive (6/23, 26.09%), and weak positive results only
accounted for 21.74% (5/23); two specimens showed no LC3
protein expression (8.70%) (Figures 5 and 6).

Discussion

ACC originates from the intercalated duct reserve cells, and
typically develops in the salivary gland tissue. Currently, the
treatment of ACC involves surgical resection and is assisted
by radiotherapy. However, due to the biological character-
istics of neutrophils and the special structures of head and
neck, clinicians have great difficulty in determining the
precise extent of tumor resection feasible. If the resection is
inadequate, postoperative recurrence might occur; however,
blindly expanding the resection range would inevitably

sacrifice the adjacent important organs and tissues, thus
causing severe deformity and dysfunction. The response
rates of ACC to single radiotherapy and conventional che-
motherapy are relatively low; thus, exploring a low toxicity
antitumor drug is very necessary.

In vitro and in vivo experiments have revealed that some
natural compounds could exert antitumor effects such as
inhibiting cell proliferation, inducing apoptosis, inhibiting
angiogenesis, delaying metastasis, and improving sensitivity
of certain chemical drugs; hence, extracting low toxicity
natural drug compounds from plants that could inhibit mitosis
of tumor cells and cell growth signaling pathways has become
a hot research topic recently, and SIL is one of them.'*'2
Recent studies have found that SIL has strong antitumor
activities toward a variety of epithelium-derived tumors,
such as prostate,’ colon,' bladder,'® breast,' ovarian," and
lung cancers.>* This study analyzed the impacts of SIL on
the proliferation of ACC-M cells, and the results revealed
that SIL could inhibit the proliferation of ACC-M cells in
time- and dose-dependent manner, particularly when treated
with 160 pg/mL of SIL for 72 hours, the inhibition rate of
93% suggested that SIL had significant inhibitory activities
toward ACC. Lung metastasis is another clinicopathological
feature of ACC, which might appear in the early stage or
even several years after the primary tumor is resected. This
study found that after injecting the ACC-M cells via the tail
vein for 6 weeks, the lung metastasis rate of ACC in nude
mice was 100%, with all the mice exhibiting the formation
of lung tumor nodules that indicated that the experimental
lung metastasis model of ACC in nude mice was successfully
established. The lung weight and the left and right lung tumor
nodules in the SIL-treated group were significantly lower than
that of the control group (P<<0.05), indicating that SIL could
inhibit the experimental lung metastasis of ACC-M cells in

Figure 3 Lung metastatic nodules in the SIL-treatment group.

Notes: (A) Lung metastatic nodules in the control group. (B) Lung metastatic nodules in the SIL-treatment group.

Abbreviation: SIL, silibinin.

submit your manuscript | www.dovepress.com

6614

Dovepress

OncoTargets and Therapy 2016:9


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Silibinin on proliferation and lung metastasis

A 1 2 3 4 5 6 7 8
- —» LC3l
—» LC3II

B ;151%;5__.’ ?}‘5‘:

3 < e I
“h Ay 3 .n
L N, o A »
ey 2 i%-
% Lo iy s g"w

g
~

- ‘-.

L &
v c .~ -
A

| vty -‘}’;’ S& s
3 = .-2‘;, ’_‘; r
Y & el w8 T

s T

-

Y.ty
- I
b

Figure 4 SIL upregulated the expression of autophagy-related protein LC3 in the experimental lung metastasis of ACC in nude mice.
Notes: (A) Western blot. |—4: control group, 5-8: SIL-treatment group. (B) Immunohistochemical staining (x200). (bl) LC3 was negatively expressed in the control group;

(b2) LC3 was positively expressed in the SIL-treatment group.
Abbreviations: ACC, adenoid cystic carcinoma; LC3, light-chain 3; SIL, silibinin.

ACC nude mice, and SIL could be expected to become a
new antitumor treatment for ACC. The mechanism of SIL
in inhibiting tumor growth has not been fully elucidated, and
there is no consensus on the mechanism of action of SIL in
different tumors. Previous literature'® ! have reported that
SIL can reduce the activities of matrix metalloproteinase-2,
matrix metalloproteinase-9, and urokinase plasminogen acti-
vator in tumor cells, and inhibit the expression of cell cycle
protein, thus inhibiting tumor growth. The inhibitory effects
of SIL on proliferation and lung metastasis of ACC-M need
to be further explored.

Current studies have shown that many anticancer mea-
sures could induce autophagy, indicating that autophagic
cell death is an important mechanism of these measures. The
anticancer measures that could induce autophagy include
the following: radiation, rapamycin, histone deacetylase
inhibitors, arsenic trioxide, temozolomide, or vitamin D
analogs.” Recently, Kim et al*' reported that SIL could

Table 2 Comparison of positive LC3 expression rates in the lung
metastatic tissues between the two groups

Group Cases LC3 r P-value
Positive Negative

SIL treatment 10 8 2 10 0.002

Control 10 3 7

Abbreviations: LC3, light-chain 3; SIL, silibinin.

induce the autophagy of prostate cancer (PC-3) cells, and
the autophagy-specific inhibitor 3-methyl adenine could
block SIL-induced PC-3 autophagy. The application of
active oxygen inhibitor diphenyleneiodonium further con-
firmed that SIL could induce autophagy by inducing nitric
oxide synthase. The results of this study also showed that
after SIL induction, AVs in the ACC-M cells increased, the
expressions of LC3-I1 and LC3-II proteins in the ACC-M cells
were upregulated, and the ratio of LC3-II/LC3-I increased
with increasing SIL-intervention-dosage and time. In the
experimental lung metastasis model in ACC nude mice,
the relative expression levels of LC3-I and LC3-II proteins
in the lung metastases of the SIL-treated group were sig-
nificantly higher (P<<0.05), and the immunohistochemical
assay also showed that positive LC3 expression rate in the
lung metastases of the SIL-treatment group (80%) was
significantly higher than the control group (30%) (P<<0.05).

Table 3 Expressions of LC3 in ACC specimens and normal
salivary gland specimens

Group Cases Expression Positive
intensity of LC3 rate (%)
-+

ACC 45 26 16 3 0 42.22%

Normal salivary gland specimen 23 2 5 6 10 9130

Note: *Significant difference when compared with the control group, P<0.05.
Abbreviations: ACC, adenoid cystic carcinoma; LC3, light-chain 3.
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Figure 5 LC3 expressions in the ACC tissues and the normal glandular tissues.
Abbreviations: ACC, adenoid cystic carcinoma; LC3, light-chain 3.

These results suggested that SIL could induce autophagy in
ACC-M cells and lung metastatic tissues.

Autophagy could inhibit tumor development, and it might
be one of the possible inhibition mechanisms of certain drugs
toward tumors. Xing et al?> pointed out that a number of

anticancer drugs, such as paclitaxel and vinblastine, could
make stomach cancer cells to undergo autophagy and then
die. One study about papillary thyroid cancer cells?® showed
that autophagy inhibitors could promote resistance of papil-
lary thyroid cancer cells to doxorubicin and radiotherapy.
Autophagy could also inhibit the inflammatory response
caused by infiltration of macrophages, thus preventing the
metastasis of tumor cells and inducing the release of immu-
nomodulatory cytokines to stimulate the body to produce
antitumor immunity; meanwhile, autophagy could promote
cell dormancy so as to inhibit tumor metastasis.”* We used an
immunohistochemical method to detect the positive expres-
sion rate of LC3 and found that the expression rate in ACC
(42.22%) was significantly lower than that in normal salivary
gland tissues (91.30%) (P<<0.05), indicating that autophagy
might be related to the occurrence and development of ACC.
Coupled with the results that SIL could induce autophagy of
ACC, as well as inhibit the proliferation and lung metastasis
of ACC-M cells in nude mice, we could conclude that SIL
might inhibit the proliferation and lung metastasis of ACC
cells through autophagy induction. Therefore, this study

Figure 6 (Continued)
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Figure 6 Expression of LC3 in salivary gland ACC and normal salivary gland tissues (IHC, SP).

Notes: (A) Strong-positive LC3 expression in normal salivary gland tissues (x200). (B) Strong-positive LC3 expression in normal salivary gland tissues (x400). (C) Middle-
positive LC3 expression in ACC (x200). (D) Middle-positive LC3 expression in normal salivary gland tissues (x200). (E) Weak-positive LC3 expression in ACC (x200).
(F) Weak-positive LC3 expression in normal salivary gland tissues (x200). (G) Negative LC3 expression in ACC (x200). (H) Negative LC3 expression in normal salivary

gland tissues (x200).

Abbreviations: ACC, adenoid cystic carcinoma; IHC; immunohistochemistry; LC3, light-chain 3; SP, streptavidin peroxidase conjugate method.

provided new clues and an experimental basis for applying
SIL for the clinical treatment of ACC.

Currently, different institutes have obtained inconsistent
results about the roles of autophagy in the occurrence and
development of tumors as well as its therapeutic effects
due to their different research directions.® 2’ It was found
that the roles of autophagy dynamically changed with
changes in tumors. During the early stages of autophagy,
a tumor cell’s ability to continuously proliferate reduces
due to decreased protein degradation and increased syn-
thesis, making autophagy act as an inhibitory factor toward
tumorigenesis, thus inhibiting the tumors. However, when
the tumor grows to a certain stage, many blood vessels
might proliferate around the tumor, resulting in nutritional
deficiencies, insufficient support, and necrosis in the tumor
cells, during which autophagy could make the tumor cells
to survive and avoid necrosis in such environments. During
this period, autophagy acts as a contributing factor toward
tumorigenesis. Autophagy’s ability to block necrosis and
inflammations limits the invasion and spread of tumor cells
from the primary area; therefore, in the early stage, autophagy
could inhibit a tumor’s metastasis. On the other hand,
autophagy might promote metastasis during the advanced
stage, which manifests when confronting cells or metabolic
stress. The tumor cells could spread to distant organs through
the vasculature, and during this process, autophagy plays a
protective role. Therefore, accurately determining the roles
of autophagy in different tumors and at different stages of
the same tumor has great significance toward treatment. In
this study, when the mice had been injected with ACC-M
cells via the tail vein for 24 hours, namely in the early tumor
stage, the administration of SIL induced autophagy to play
the role of inhibiting the tumor. However, further studies are
necessary to determine whether SIL intervention could still

inhibit the ACC cells or play the promotive effects when the
tumor developed into a certain stage.
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