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Abstract: In this study, we accessed the expression and correlation of p-STAT3 with Survivin, Cyclin D1, CD147, Slug 
and Ki67 by immunohistochemical staining of human tissue microarray which contains 72 adenoid cystic carcino-
ma (AdCC), 12 pleomorphic adenoma (PMA) and 18 normal salivary gland (NSG) using digital pathological scanner 
and scoring system. We found that the expression of p-STAT3, Survivin, Slug, Cyclin D1 and CD147 was significantly 
increased in AdCC as compared with PMA and (or) NSG (p<0.05). While, the level of p-STAT3 and expression of 
Cyclin D1 and CD147 was not associated with pathological type of human AdCC (p>0.05). Correlation analysis of 
these proteins revealed that p-STAT3 up-regulates the expression of Survivin, Slug, Cyclin D1 and CD147 (p<0.05). 
Moreover, the activation of STAT3 was associated with proliferation marker Ki-67 (p<0.05). Selective inhibition of 
STAT3 by a small molecule S3I-201 significantly reduced human SACC-83 and SACC-LM cells proliferation, migration 
and invasion with the corresponding decrease in expression of Survivin, Slug, Cyclin D1 and CD147. These findings 
indicate that high phosphorylation level of STAT3 in AdCC is related to Survivin, Slug, Cyclin D1 and CD147. We 
suggest that the inhibition of STAT3 may be a novel strategy for neoadjuvant chemotherapeutic treatment of AdCC.
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Introduction

Adenoid cystic carcinoma (AdCC) is one of the 
most frequent malignant salivary gland tumors 
in the head and neck region [1, 2]. It was char-
acterized by a high rate of local recurrence, 
strong peripheral invasion and distant metasta-
sis. Despite complete surgical resection and 
additional radiotherapy, the overall survival of 
AdCC has not been improved in the last three 
decades [1, 3]. To date, the molecular mecha-
nism of the aggressive growth of AdCC remains 
unclear. Therefore, there is an urgent need to 
explore the molecular mechanism and novel 
drug target for AdCC. 

STAT3, a gene has been mapped to chromo-
some 12, was activated to phosphorylation in 
response to extracellular ligands [4]. STAT3 has 
been recognized as an oncogene, it was 
expressed and activated in a variety of primary 
tumors, including head and neck squamous 

cell carcinoma [5]. STAT3 phosphorylation (p- 
STAT3), generally correlated with the active 
state, is a novel target for cancer treatment. 
Small molecule inhibitors including FLLL31, 
FLLL32, NSC74859 have shown the effects in 
cancer therapy such as breast cancer, pancre-
atic cancer and hepatoma [6]. Survivin has 
been identified as a key downstream target of 
STAT3 signaling [7], and over-expressed in a 
variety of cancer functions as a cell cycle regu-
lator and inhibitor of apoptosis including AdCC 
[8]. Importantly, p-STAT3 and Survivin are 
attracting attention as novel cancer therapeutic 
targets in cancer [9, 10]. However, the mecha-
nism underlying the effect of p-STAT3 and 
Survivin on the signaling transduction pathway 
which is activated in AdCC remains unclear. 

Cyclin D1 mapping on the 11q13 is a nuclear 
protein that contributes to cell cycle progres-
sion and is a hallmark of many cancers which 
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contribute to tumor cell growth and cancer pro-
gression [11, 12]. Recent evidences have dem-
onstrated that Slug has a crucial role in the can-
cer invasion and metastasis [13, 14]. We also 
have previously reported that Slug-mediated 
epithelial- mesenchymal transition plays an 
important role in the process of metastasis and 
apoptosis [15]. CD147 is a plasma membrane 
protein of Ig superfamily and promotes cancer 
cell invasion and metastasis through induction 
of MMPs production [16, 17].

In our study, we investigated the expression of 
p-STAT3, Survivin, Slug, Cyclin D1 and CD147 
by tissue microarray in human AdCC. The cor-
relation of p-STAT3 with Survivin, Slug, Cyclin 
D1 and CD147 and proliferation (Ki67) were 
analyzed in human AdCC. To investigate the 
role of these molecules in tumorigenesis, spe-
cifically in carcinogenesis of AdCC, we also 
studied the expression of these proteins in the 
AdCC along with common salivary gland benign 
tumor polymorphic adenoma (PMA) and normal 
salivary gland (NSG). Furthermore, we investi-
gated the role of p-STAT3T705 in proliferation, 
migration and invasion of AdCC by target inhibi-
tion of STAT3 using small molecule S3I-201 in 
vitro.

Materials and methods

Chemical and reagents

All chemical and reagents were purchased from 
Sigma-Aldrich unless specified. S3I-201 was 
purchased from Selleck chemicals (Houston, 
TX). Primary antibody against human p-STAT3, 
Survivin, Slug and Ki-67 were purchased from 
Cell Signaling Technology (Danvers, MA), CD147 
was purchased from Proteintech Group, Inc. 
(Chicago, IL). 

Patients’ specimens and ethics statement 

All tissue samples of AdCC and PMA were 
obtained from the department of Oral and 
Maxillofacial-Head and Neck Oncology, School 
and Hospital of Stomatology, Wuhan University. 
For tissue microarray, we constructed a cohort 
including 72 AdCCs (cribriform pattern: 28, 
tubular pattern 24, solid pattern 20), 12 PMAs 
and 18 NSGs as previous described [18], in col-
laboration with Shanghai Biochip Company, 
Ltd, Shanghai, China (PI: Zhi-Jun Sun). All 
tumors were histology analyzed and classified 
according to the 2005 World Health Orga- 

nization classification system. The study proto-
col was approved by Medical Ethics Committee 
of Hospital of Stomatology Wuhan University 
(PI: Zhi-Jun Sun). All subjects signed written 
informed consent.

Cell culture, drugs and cell immunofluores-
cence

SACC-83 and SACC-LM cell lines of human sali-
vary AdCC were obtained from the China Center 
for Type Culture Collection, and were grown in 
Dulbecco’s modified Eagle’s medium (DMEM) 
supplemented with 10% FBS. The cells were 
incubated in a humidified atmosphere of 95% 
air and 5% CO2 at 37°C. The following antibod-
ies were used in this study: p-STAT3 (1:100), 
Cyclin D1 (1:100), Survivin (1:100), Slug (1:200) 
from Cell Signaling Technology, Inc., (Danvers, 
MA, USA), CD147 (1:100) from Proteintech 
Group, Inc. (Chicago, USA). S3I-201 was pur-
chased from Selleck Chemicals, (Houston, TX, 
USA), and prepared in dimethyl sulfoxide 
(DMSO) as 200 mM stock solution stored at 
-20°C and used at a final concentration of 100 
μM. SACC-83 or SACC-LM cells were seeded 
onto coverslips at a density of 105/mL and cul-
tured in a 6-well plate for 24 hours with the indi-
cated treatment. After treatment, cells were 
permeabilized in 0.2% Triton X-100 in PBS for 
15 minutes, and blocked by non-immune goat 
serum for 60 minutes at room temperature. 
Then cells were incubated with primary anti-
body at dilutions recommended by the manu-
factures, after the PBS washout, PerCP-Cy5.5-
conjugated secondary antibody (1:200. Jack- 
son Immuno Research, USA) was used for 
detection and DAPI for nucleus counterstain-
ing. Then the coverslips were mounted on 
microscope slides with antifade mounting 
media (Molecular Probes, Carlsbad, CA) and 
photographed with a fluorescence microscope 
(Leica).

Immunohistochemistry, scoring system, hierar-
chical clustering and date visualization

Immunohistochemistry for serial cut of human 
tissue microarray was performed as below 
described. All slides were rehydration and anti-
gen retrieval using sodium citrate (pH=6.0) in a 
pressure cooker except p-STAT3 (EDTA buffer). 
Then the slides were treated in 3% hydrogen 
peroxide to block endogenous peroxidase activ-
ity and blocked with 2.5% bovine serum album 
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in PBS buffer. Primary antibody were used with 
the following dilutions: p-STAT3 (1:200), Cyclin 
D1 (1:200), Survivin (1:200), Slug (1:200), 
CD147 (1:200), Ki-67 (1:400). Slides were incu-
bated at 4°C overnight with indicated primary 
antibody and incubated with biotin-labeled sec-
ondary antibody and streptavidin peroxidase 
consequently, visualized by diaminobenzidine 
and counterstaining with hematoxylin. The 
immunohistochemical staining was scanned 
using an Aperio ScanScope CS whole slice 

scanner (Vista, CA, USA) with background sub-
traction. The positive result was quantified 
using Aperio Quantification software for mem-
brane, nuclear, or pixel quantification and his-
toscore were calculated using formula 
(3+)×3+(2+)×2+(1+)×1 as previous described 
[19]. Immunohistochemical staining histoscore 
were converted into -3 to 3 using Microsoft 
Excel software, hierarchy clustering and visual-
ization using Treeview were performed as previ-
ously described [20]. 

Figure 1. Analysis of tissue microar-
ray cores for immunohistochemis-
try. A: Representative images from 
immunohistochemical staining of 
p-STAT3 nuclear expression (upper), 
Cyclin D1 nuclear expression (mid-
dle), CD147 cytoplasmic expression 
(lower) in human normal salivary 
gland (NSG), polymorphism adeno-
ma (PMA) and cribriform, tubular or 
solid type adenoid cystic carcinoma 
(AdCC). Scale bar=50 μm. B: Quan-
tification of p-STAT3, Cyclin D1 and 
CD147 expression levels in human 
NSG, PMA and AdCC tissue us-
ing AperioScanscope scanner and 
software. Data were analyzed by 
GraphPad Prism 5 software. (Mean 
± SEM; *, p<0.05; **, p<0.01; ***, 
p<0.001).
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Flow cytometry

Apoptosis was evaluated using Annexin V-fluo- 
rescein isothiocyanate methods. Following the 
same treatments as described for cell prolifera-
tion experiments, cells were washed with PBS, 
followed by lysis using trypsin (0.1%) and EDTA 
(0.01%) in PBS at pH 7.5. The cells were washed 
with normal media and cold PBS and resus-
pended in 1X binding buffer (BD-Pharmingen 
Biosciences, San Diego, CA). Then 5 ul Annexin 
and 5 ul propidium iodide (PI) were added to 
cells, which were vortexed and incubated for 
15 minutes in the dark. Finally, 400 ul 1X bind-
ing buffer were added and samples evaluated 
by flow cytometry.

Western blotting

Total proteins were isolated from cultured 
SACC-83 or SACC-LM cells using M-PER (Pierce, 
Rockford, IL), and concentrations were detect-
ed by BCA assay kit (Pierce). Subsequently, 30 
μg proteins from each sample were separated 
by 10% SDS-polyacrylamide gel and transferred 
electrophoretically to polyvinylidene difluoride 
(PVDF) membranes (Millipore, Bedford, MA). 
Membranes were blocked with 5% bovine 

serum albumin (BSA) in TBS containing 0.1% 
tween 20 (TBST) at room temperature for 60 
minutes, then incubated overnight with primary 
antibody respectively at dilutions recommend-
ed by the manufactures. After fully incubation, 
bolts were detected by horseradish peroxidase-
conjugated anti-mouse or anti-rabbit second-
ary antibody, and visualized with the Super- 
Signal West Femto maximum sensitivity sub-
strate (Thermo Scientific, Rockford, IL, USA) on 
X-ray film. The images on X-ray films were then 
converted to electronic format using digital 
Scanner System (CanoScan LiDE110) and the 
density was calculated with Image J software 
packages.

Wound healing assay

SACC-83 or SACC-LM cells were seeded in 
6-well plates (Corning Life Sciences, USA) at 
1.0×105 cells/well. When cells reached 80% 
confluence, the center of each well was 
scratched with a sterile pipette tip to generate 
a constant gap, and then the cells were contin-
ued incubated with medium containing no FBS 
to 18 hours. After fixation cells were photo-
graphed under phase microscopy and counted 
as previously described.

Figure 2. Correlation and regression of p-STAT3 with CD147, Cyclin D1, 
Slug and Survivin in human AdCC. A: The expression of p-STAT3 had sig-
nificant correlation with CD147 (p<0.05, r2=0.0400), Cyclin D1 (p<0.001, 
r2=0.1800), Slug (p<0.001, r2=0.1271) and Survivin (p<0.001, r2=0.1201) 
in human adenoid cystic carcinoma (AdCC) by analyzing the tissue microar-
ray immunohistochemical staining. B: Hierarchical clustering of immunohis-
tochemical results of human AdCC with p-STAT3, CD147, Cyclin D1, Ki67, 
Slug and Survivin (Statistics including AdCC, NSG and PMA tissue).
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Transwell invasion assays

In vitro invasion assay was performed using 
Costar Transwell inserts (#3422, pore size, 8 
μm) (Corning, Albany, NY) as described previ-
ously [21]. SACC-83 or SACC-LM cells were 

seeded into the upper chamber coated with 
Matrigel (BD Biosciences) at a density of 104/
well in 100 ul serum-free medium, while 10% 
FBS medium was added to the bottom cham-
ber to stimulate invasion. After incubation for 
24 h at 37°C, the cells in the upper chamber 

Figure 3. STAT3 signaling in-
hibition decreased migration 
and invasion, and increased 
the apoptosis in AdCC cell 
line SACC-83. A: Scratch as-
say shows treatment with S3I-
201 24 hours significantly 
decrease the mobility of SACC-
83 cell line; and transwell as-
say shows the migration and 
invasion ability of SACC-83 
were impaired when treated 
with S3I-201 compared with 
control group (Quantification 
of cell numbers with ImageJ 
“cell counter” module, Mean 
± SD; ***P<0.001, student 
t-test with GraphPad Prism 
5.0). B: Annexin V/PI staining 
showed S3I-201 treatment 
(100 uM and 200 uM) nota-
bly increased the apoptosis 
cells compared with the con-
trol group SACC-83. 



Inhibition of STAT3 in AdCC

1756 Am J Cancer Res 2015;5(5):1751-1761

were carefully removed with cotton swab and 
the cells that had invaded through Matrigel 
were stained with crystal violet, and then pho-
tographed and quantified. Each assay was con-
ducted in triplicate. 

Statistical analysis

Statistical data analysis was performed with 
GraphPad Prism 5.01 (GraphPad Software, 
Inc., La Jolla, CA) statistical packages. The 
Mann-Whitney U test and student t test was 
used to evaluate differences in the Western 
blotting and immunofluorescence analysis. The 
One-way ANOVA followed by the post-Turkey or 
Bonferroni multiple comparison tests was used 
to analyze the differences in immunohistostain-
ing. Two-tailed Pearson correlation was used 
for correlated expression of these markers 
after confirmation of the sample with a 
Gaussian distribution. P<0.05 was considered 
statistically significant. 

Results

Immunohistochemical staining of p-STAT3, 
Cyclin D1, CD147, Slug, Survivin and Ki67 in 
human AdCC 

We assessed the expression of p-STAT3, Cyclin 
D1, CD147, Slug, Survivin and Ki67 using 
human tissue microarray containing 72 AdCC, 
12 PMA and 18 NSG. The positive expression 
of p-STAT3, Cyclin D1, Slug, Survivin and Ki67 
was mainly located in nucleus of tumor cells. 
Whereas, CD147 was located in cytoplasm 
and/or cytomembrane (Figure 1A and Figure 
S1A). We found that weak expression of 
p-STAT3, Cyclin D1, Slug, Survivin and Ki67 in 
nuclear was inspected from NSG and PMA, but 
strongly expressed was tested in cribriform, 
tubular and solid histological patterns in human 
adenoid cystic carcinoma (Figure 1A and Figure 
S1A). CD147 was weak expression in cytoplasm 
and cytomembrane in NSG and PMA, but 
strongly expressed in AdCC (Figure 1A). To 
credibly illustrate high expression of p-STAT3, 
Cyclin D1, CD147, Slug, Survivin and Ki67 in 
human AdCC, we quantified the immunohisto-
chemical stain of whole slide by Aperio 
ScanScope CS scanner (Vista, CA, USA). 
Nuclear analysis of p-STAT3, Cyclin D1, Slug, 
Survivin and Ki67 and membrane analysis of 
CD147 were calculated with Aperio nuclear 
count software (Version 1.0) and membrane 
count software (Version 1.0). Cytoplasm CD147 

expression was calculated using Aperio posi-
tive pixel count software (Version 9.1). We 
found that AdCC cells showed significant stain-
ing for p-STAT3 as compared with NSG 
(p<0.001). PMA cells also showed no signifi-
cant staining for p-STAT3 as compared with 
NSG (p>0.05, Figure 1B). For Cyclin D1, AdCC 
cells showed significant staining as compared 
with PMA and NSG (p<0.01, p<0.001, respec-
tively, Figure 1B). For CD147, however, there 
was mildly increase in AdCC as compared with 
NSG to reach a statistic significant (p<0.05, 
Figure 1B). Slug, Survivin and Ki67 was highly 
expressed in AdCC tissues as compared with 
NSG (p<0.001 for Slug, p<0.001 for Survivin 
and p<0.01 for Ki67 respectively) and PMA 
(p<0.001 for Slug, p<0.001 for Survivin and 
p>0.05 respectively, Figure S1B). Taken togeth-
er, the expression of p-STAT3, Cyclin D1, CD147, 
Slug, Survivin and Ki67 was significantly 
increased in AdCC as compared with NSG. To 
further determine whether the expression of 
p-STAT3, Cyclin D1, CD147, Slug, Survivin asso-
ciates with histopathology pattern of AdCC, we 
analyzed these makers expression in cribri-
form, tubular and solid form of AdCC. While, the 
three patterns of AdCC have no statistics sig-
nificance in p-STAT3, Cyclin D1, CD147, expres-
sion (Figure 1B).

The correlation between p-STAT3 and Cyclin 
D1, CD147, Slug, Survivin and Ki67 in human 
NSG, PMA and AdCC 

To evaluate the association of p-STAT3 signal-
ing pathway with Cyclin D1, CD147, Slug, 
Survivin and Ki67 in human NSG, PMA and 
AdCC, we analyzed the quantitative outcome of 
immunohistochemical staining by the Spear- 
man rank correlation coefficient test and linear 
tendency test. The result demonstrates that 
the expression of p-STAT3 had significant cor-
relation with CD147 (p<0.05, r2=0.0400), 
Cyclin D1 (p<0.001, r2=0.1800), Slug (p<0.001, 
r2=0.1271), Survivin (p<0.001, r2=0.1201) and 
Ki67 (p<0.001, r2=0.1313), meanwhile linear 
regression indicated the positive trendline 
between p-STAT3 with Cyclin D1, CD147, Slug, 
Survivin and Ki67 (Figure 2A, Figure S1B, S1C). 
By clustering, these relationships in human 
AdCC was displayed in a visual image (Figure 
2B), and Cyclin D1/Survivin and CD147/Slug 
has close correlation with p-STAT3. Of interest, 
using hierarchical clustering analysis, most of 
the AdCC cases (cluster 1) were distinct from 



Inhibition of STAT3 in AdCC

1757 Am J Cancer Res 2015;5(5):1751-1761

PMA (cluster 2) and NSG (cluster 3), reflecting 
the significant differences in p-STAT3, Cyclin 
D1, CD147, Slug and Survivin staining in AdCC.

STAT3 signaling inhibition with S3I-201 de-
crease AdCC migration and invasion 

To determine whether STAT3 blockade decrease 
the malignancy of AdCC, we performed in vitro 
inhibition assay of S3I-201, a putative STAT3 
inhibitor on SACC-83 and SACC-LM cell lines, 

wound healing and Boyden chamber invasion 
assay were carried out to detect the migration 
and invasion potential. As showed in Figure 3A, 
p-STAT3 inhibition dramatically decreased the 
migration behavior and the cell number of 
migration was clearly different between control 
and S3I-201 treatment group (p<0.001). We 
then examined the invasion ability change after 
S3I-201 inhibition with the Boyden chamber 
assay. The results showed S3I-201 treatment 
notably decreased the invasion cells compared 

Figure 4. S3I-201 treatment inhibits the STAT3 signaling pathway. A: Immunofluorescence shows treatment with 
S3I-201 24 hours decrease the expression of p-STAT3, Cyclin D1, Slug and Survivin in SACC-83 cell line. B: Quanti-
fication of immunofluorescence for SACC-83 with Image J, IOD for mean integrated optical density and calculated 
with total optical density divided by the area. C: Western blot shows that S3I-201 decrease the expression of p-
STAT3, CD147, Cyclin D1, Ki67, Slug and Survivin in SACC-83 and SACC-LM cells.
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with the control group in SACC-83 (Figure 3A), 
similar results were observed in SACC-LM 
(Figure S2A). 

S3I-201 induces apoptosis in SACC-83 and 
SACC-LM cell lines

To determine whether the decrease in cell sur-
vival was mediated by induction of apoptosis, 
we analyzed the effect of 100 μM S3I-201 on 
SACC-83 and SACC-LM using flow cytometry. 
The results of Annexin V/PI staining showed 
S3I-201 treatment notably increased the apop-
tosis cells compared with the control group in 
SACC-83 (P<0.001, Figure 3B), similar results 
were observed in SACC-LM (Figure S2B).

S3I-201 suppress the expression of p-STAT3, 
Cyclin D1, CD147, survivin and Slug in human 
SACC-83 and SACC-LM cell lines

Base on the observation that expression of 
p-STAT3 correlated with Cyclin D1, CD147, 
Survivin and Slug staining in AdCC. We direct 
investigated the effect of STAT3 inhibition in 
human AdCC cell lines. Western blot results 
revealed expression of p-STAT3, Cyclin D1, 
CD147, Survivin and Slug were significantly sup-
pressed when SACC-83 cells were treated with 
100 μM S3I-201 as compared with control 
group (Figure 4C). Immunofluorescence reve- 
aled that S3I-201 significantly decrease 
p-STAT3, Slug, Cyclin D1 and Survivin nuclear 
expression (Figure 4A with quantification in 
Figure 4B). Similar results were observed in 
SACC-LM (Figure S2A and S2B). 

Discussion

In the present study, we investigated potential 
correlation of p-STAT3 and Cyclin D1, CD147, 
Slug, Survivin and Ki67 pathway to reveal 
mechanisms on STAT3 related proliferation, 
apoptosis and invasion. We initially found that 
p-STAT3 and Cyclin D1, CD147, Slug, Survivin 
were highly expressed in AdCC as compared 
with PMA or NSG. Moreover, p-STAT3 could 
mediate the expression of Cyclin D1, CD147, 
Slug, Survivin and Ki67, suggesting high expres-
sion p-STAT3 promoted tumor proliferation and 
invasion. Furthermore, in vitro experiment 
directly observed that STAT3 inhibitor S3I-201 
decreased the expression of p-STAT3 and 
Cyclin D1, CD147, Slug, Survivin as compared 
with the control group in SACC-83 and SACC-

LM, indicating that STAT3 inhibition may be a 
novel strategy for neoadjuvant chemothera-
peutic treatment of AdCC. 

Firstly, p-STAT3 and Cyclin D1, CD147, Slug, 
Survivin were highly expressed in AdCC as com-
pared with NSG in this study. As we known, 
p-STAT3 and Cyclin D1, CD147, Slug, Survivin 
were over-expressed in a variety of cancer, 
including head and neck cancer, lung cancer 
and hepatoma cancer [5, 11, 16]. We found 
that AdCC cells showed significant staining for 
p-STAT3 as compared with NSG. The expres-
sion of Cyclin D1 was significantly higher in 
AdCC when compared with PMA and/or NSG. 
The expression of Slug, Survivin and Ki67 were 
highly expressed in AdCC tissues as compared 
with NSG and PMA. We further investigated the 
role of these markers in the differential diagno-
sis of the pathological type of AdCC because 
several studies have identified pathological fac-
tors in AdCC with an unfavorable effect on sur-
vival. In hepatocellular carcinoma, p-STAT3 was 
correlated with large tumor size, frequent intra-
hepatic metastasis, poor prognosis and high 
recurrence rate [22]. However, our present data 
showed the expression of p-STAT3, cyclin D1, 
and CD147 did not reach statistical signifi-
cance in three pathological type of AdCC. Of 
interest, hierarchical clustering analysis sho- 
wed that most of the AdCC cases were distinct 
from PMA and NSG, reflecting the significant 
differences in p-STAT3, Cyclin D1, CD147, Slug 
and Survivin staining in AdCC. 

STAT3 has been detected in a wide variety of 
human cancers and is believed to be one of the 
important factors for cancer proliferation, inva-
sion, metastasis and epithelial- mesenchymal 
transition [9, 23]. In human prostate cancer, 
the expression of cyclin D1 and Survivin were 
inhibited after the phosphorylation of STAT3 
was inhibited by ginkgetin [24]. However, the 
role of STAT3 activation in the development of 
AdCC has not been well understood. Our results 
showed that p-STAT3 was statistically associ-
ated with CD147, Cyclin D1, Slug, Survivin and 
Ki67. Recently, a report showed that cancer cell 
migration and angiogenesis could be inhibit 
when the STAT3 constitutive phosphorylation 
was inhibited by LY5, and the expression of 
cyclin D1, Bcl-XL, Survivin, and microRNA-21 
were down-regulated in the Medulloblastoma 
cells [25]. p-STAT3 was correlated with α-feto- 
protein, Ki-67 and Bcl-XL in hepatocellular car-
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cinoma [22]. However, the molecular mecha-
nisms of p-STAT3 and Cyclin D1, CD147, Slug, 
Survivin have not been investigated in AdCC. 

Up to now, S3I-201 or its homologs were testi-
fied to be a potent therapeutic agent for some 
such highly malignant disease as hepatocellu-
lar carcinoma, esophageal cancer and non-
small cell lung cancer [26-28]. Molecular mech-
anism study indicate that S3I-201 act on 
p-STAT3 to inhibit STAT3 signaling pathway [25]. 
Our data showed that the migration and inva-
sion potential were inhibited when the SACC-83 
and SACC-LM cell lines were treated with S3I-
201. A new report showed that STAT3-induced 
miR-92a promotes cancer invasion by sup-
pressing RECK in lung cancer [29], which was 
insistent with our results and suggesting that 
STAT3 was a potential target for the cancer 
treatment. Our results also showed S3I-201 
treatment notably increased apoptosis in 
SACC-83 and SACC-LM cell lines, and the 
expression of p-STAT3 and Cyclin D1, CD147, 
Slug and Survivin were inhibited after the can-
cer cells were treated with S3I-201. In osteo-
sarcoma, STAT3 phosphorylation and down-
stream STAT3-target genes Cyclin D1 and 
Survivin were down-regulated, the osteosarco-
ma cell growth was suppressed and apoptosis 
was induced [30]. In addition, we also have pre-
viously reported that Slug-mediated epithelial- 
mesenchymal transition -like transformation 
plays an important role in the process of metas-
tasis and apoptosis [15]. S3I-201 could inhibit 
STAT3 activity and suppressed doxorubicin-
induced epithelial- mesenchymal transition in 
hepatocellular carcinoma [26]. All these rese- 
arches indicated that STAT3 targeted-therapy 
may have therapeutic potential in AdCC, and 
S3I-201 may be a potential therapeutic agent 
for human cancer cells expressing constitutive 
STAT3 signaling.

In conclusion, our results has confirmed the 
important roles of p-STAT3 signaling is up-regu-
lated in the AdCC and may be involved in tumor 
progression through interaction with cyclin D1, 
CD147 and Survivin. Our work has also revealed 
that p-STAT3 signaling promotes invasion and 
metastasis of AdCC conspired with Slug, CD147   
program in AdCC cell lines. Thus, targeting 
STAT3 signaling may be a potential candidate 
for treatment of AdCC.
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Figure S1. Analysis of tissue microarray cores for immunohistochemistry. A: Representative images from immu-
nohistochemical staining of Slug (upper)and Ki67 (lower) nuclear expression, Survivin nuclear and cytoplasmic 
expression (middle) in human normal salivary gland (NSG), polymorphism adenoma (PMA) and cribriform, tubular 
or solid type adenoid cystic carcinoma (AdCC). Scale bar=50 μm. B: Quantification of Slug, Survivin and Ki67 expres-
sion levels in human NSG, PMA and AdCC tissue using AperioScanscope scanner and software. C: The expression 
of p-STAT3 had significant correlation with Ki67 (p<0.001, r2=0.1313). Data were analyzed by GraphPad Prism 5 
software. (Mean ± SEM; *, p<0.05; **, p<0.01; ***, p<0.001). 
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Figure S2. STAT3 signaling inhibition decreased migration and invasion, and increased the apoptosis in AdCC cell 
line SACC-LM. A: Scratch assay shows treatment with S3I-201 24 hours significantly decrease the mobility of SACC- 
LM cell line; and transwell assay shows the migration and invasion ability of SACC-83 were impaired when treated 
with S3I-201 compared with control group (Quantification of cell numbers with ImageJ “cell counter” module, Mean 
± SD; ***P<0.001, student t-test with GraphPad Prism5.0). B: Annexin V/PI staining showed S3I-201 treatment 
(100 uM and 200 uM) notably increased the apoptosis cells compared with the control group SACC-LM. C: Immu-
nofluorescence shows treatment with S3I-201 24 hours decrease the expression of p-STAT3, Cyclin D1, Slug and 
Survivin in SACC-LM cell line. D: Quantification of immunofluorescence for SACC-LM with Image J, IOD for mean 
integrated optical density and calculated with total optical density divided by the area.


