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Abstract: Salivary adenoid cystic carcinoma (AdCC) is a common head and neck cancer with the propensity for local 
spread and distant metastasis. In our previous study, elevated expression of Anterior gradient 2 (AGR2) was detect-
ed in head and neck squamous cell carcinoma (HNSCC), associated with epithelial-mesenchymal transition (EMT) 
and cancer stemness. However, to date, the expression and function of AGR2 in AdCC has yet to be elucidated. In 
the present study, human AdCC tissue microarrays including 18 cases of normal salivary gland (NSG), 12 cases of 
pleomorphic adenoma (PMA) and 72 cases of AdCC were employed for immunohistochemical staining analysis. Re-
sults indicated that AGR2, which was remarkably correlated with Ki-67, transforming growth factor beta-1 (TGF-β1) 
and CD147, was significantly elevated in human salivary AdCC tissues. Knockdown of AGR2 significantly repressed 
the proliferation and migration of human SACC-83 and SACC-LM cell lines. Additionally, AGR2 silencing obviously re-
versed the EMT phenomena induced by TGF-β1. Taken together, our present study revealed the potential pro-metas-
tasis role of AGR2 in AdCC, indicating that AGR2 might be a novel therapeutic target of AdCC with distant metastasis.

Keywords: Anterior gradient 2, Adenoid cystic carcinoma, proliferation, migration, epithelial-mesenchymal transi-
tion

Introduction

Salivary adenoid cystic carcinoma (AdCC) is a 
common malignancy arises in the major and 
minor salivary glands [1], with the propensity of 
insidious local spread, neural invasion, abun-
dant angiogenesis and distant metastasis [1]. 
Morphologically, AdCC are distinguished in 
three major histology types: tubular, cribriform, 
and solid. Even though variations in clinical pre-
sentation of the three types have been widely 
reported, all three patterns are neuroinvasive, 
and show an extremely high tendency of recur-
rence. Current conventional treatment options 
for AdCC are limited to surgery with or without 
radiotherapy, ignoring an insight into the under-
lying molecular drivers [2]. Therefore, a better 
understanding of the mechanisms of initiation 
and progression of AdCC is urgently needed.

Anterior gradient 2 (AGR2), the human homolog 
of Xenopus laevis-secreted protein XAG-2, 
belongs to the protein disulfide isomerase (PDI) 
family [3]. Generally, AGR2 is physiologically 
localized in endoplasmic reticulum of the mucus 
secreting cells and functions as a molecular 
chaperone in protein folding [4]. Notably, emerg-
ing evidences suggested that AGR2 expression 
was closely associated to hormone-depended 
cancers. Clinical studies have shown that ele-
vated expression of AGR2 predicted an unfavor-
able prognosis in breast cancer patients and 
mediated tamoxifen drug resistance as an 
estrogen agonist [5, 6]. Analogous to breast 
cancer, AGR2 expression in prostate cancers 
has been reported to be induced by androgens, 
promoting the propensity of metastasis [7, 8]. 
In addition to hormone-depended cancers, 
overexpression of AGR2 also has been identi-
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fied in variety of hormone-independent cancers 
including esophagus cancer, liver cancer, 
colorectal cancer, lung cancer, as reviewed by 
Chevet E et al. in Ref [9]. Abnormal expression 
of AGR2 protein was identified by a proteomics 
screen aiming to access factors that is able to 
suppress the tumor suppressive p53 activity in 
Barrett’s esophagus, a pre-neoplastic condi-
tion of esophagus cancer [10]. Additionally, 
AGR2 was also reported exerting functions of 
supporting aggressive growth and metastasis 
of numerous cancers in distinct mechanism 
[11-13]. These findings highlighted the critical 
functions of AGR2 in carcinogenesis and pro-
gression of these cancers. However, to date, 
the expression and functions of AGR2 in sali-
vary AdCC is remaining to be investigated.

Epithelial-mesenchymal transition (EMT) is a 
common event during cancer progression [14]. 
In this process, epithelial cells rapidly lose epi-
thelial characteristics and gain mesenchymal 
characteristics, transforming to a more inva-
sive phenotype with stronger motility. EMT pro-
vides cancer cells with the ability to escape 
from the primary tumor and cause lymph node 
or distant metastasis [15]. Although the full 
spectrum of signaling pathways that contribute 
to EMT remained unclear, transforming growth 
factor-beta 1 (TGF-β1) was suggested as a 
master regulator for the induction of EMT by 
multiple studies [16]. In the case of many can-
cers, TGF-β1 appeared to be responsible for a 
series of EMT-inducing transcription factors, 
notably Slug, Snail, ZEB1 and Twist [17-20]. In 
our previous study, overexpression of AGR2 
was found in human head and neck squamous 
cell carcinoma (HNSCC) patient samples and 
significantly correlated with EMT markers [21]. 
This finding suggested the potential role of 
AGR2 in regulating EMT process during cancer 
progression. Nevertheless, the relationship 
between AGR2 and EMT in salivary AdCC is still 
unclear and need to be further determined. 

In the present study, AGR2 expression, for the 
first time, was identified via immunohistochem-
ical staining on human salivary AdCC tissues. 
The relationship between AGR2 and TGF-β1 in 
salivary AdCC tissues was elucidated. Knock- 
down of AGR2 by specific shRNA significantly 
repressed the proliferation and migration of 
human salivary AdCC cell lines. Furthermore, 

TGF-β1 induced EMT was significantly inhibited 
by AGR2 silencing. In conclusion, these data 
revealed the potential therapeutic role of AGR2 
in salivary AdCC with the tendency of distant 
metastasis.   

Material and methods

Ethics statement and AdCC tissue microarrays

The present study was performed under the 
permission of the Medical Ethics of Hospital of 
Stomatology Wuhan University (PI: Zhi-Jun Sun). 
Each patient was informed consent before sur-
gery. The specimens, which contain 18 cases 
of normal salivary gland (NSG), 12 cases of 
pleomorphic adenoma (PMA) and 72 cases of 
salivary adenoid cystic carcinoma (AdCC, 28 
cribriform pattern, 24 tubular pattern, 20 solid 
pattern), were diagnosed by two expert patholo-
gists. The custom made human AdCC tissue 
microarrays used in this study were described 
previously [22].

Histology and immunohistochemistry

Antibodies against human AGR2 (CST, 1:100), 
Ki-67 (Abcam, 1:50), TGF-β1 (Proteintech, 
1:50), CD147 (Abcam, 1:200), were used as pri-
mary antibodies. The AdCC tissue microarrays 
were stained with the antibodies by immuno-
histochemistry (IHC) using an appropriate bio-
tin-conjugated, secondary antibody and a 
Maxin SP kit (Vector Laboratories), as previous-
ly reported [23]. Slides were scanned by an 
Aperio ScanScope CS scanner. The scanned 
image data was then processed with back-
ground subtraction and white balance. IHC 
staining of the membrane, nuclei and pixel was 
quantified by Aperio quantitative software 
Version 12.1. Histoscores were calculated as 
previously described [24]. Briefly, scanned high 
power field of each sample, membrane and 
nuclear immunostaining were quantified by the 
algorithm: (1 × the percentage of weakly posi-
tive staining) + (2 × the percentage of moder-
ately positive staining) + (3 × the percentage of 
strongly positive staining). Quantification of 
pixel intensity was calculated as total intensity/
total cell number. The threshold for scanning of 
different positive cells was set by a pathologist 
according to the standard controls provided by 
Aperio.
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Cell culture

Human salivary gland AdCC cell lines SACC-83 
and SACC-LM were obtained from the School 
and Hospital of Stomatology, Peking University 
with material transfer agreement. Cells were 
maintained in PRMI-1640 (Hyclone) with 10% 
FBS (fetal bovine serum, Hyclone) under the 
condition of 37°C in a humidified atmosphere 
with 5% CO2.

Establishment of AGR2-silenced cell line

Two shRNA sequences (shAGR2#1 and 
shAGR2#2) targeting AGR2 and negative 
shRNA were designed and synthesized by 
Genepharma (Shanghai, China). In order to con-
struct human AGR2 shRNA plasmids, the 
sequences were inserted into the BamHI/EcoRI 
restriction sites of pGLVU6/Puro lentivectors. 
Then, lentiviral expression vectors and packag-
ing plasmids were co-transduced into 293T 
cells. Viral particles were collected to infected 
SACC-83 and SACC-LM cells. Puromycin (2 μg/
ml, R&D system) was used to select the infect-
ed cells. 

Cell proliferation assay

The proliferation ability of SACC-83 and SACC-
LM cells transfected with negative control 
shRNA or AGR2 shRNA was assessed by using 
CCK-8 kit (Dojindo Molecular Technologies) as 
previously described [22]. Briefly, 5 × 103 cells 
were seeded into 96-well plates cultured for 
appropriate time. Then 10 μl CCK-8 solution 
was added to each well and incubated for 1 h. 
Absorbance at 450 nm was measured using a 
microplate reader. All experiments were repeat-
ed in triplicate.

Anchorage-dependent colony formation assay 

Appropriate number (300 cells/well) of cells 
which were transfected with negative control 
shRNA or AGR2 shRNA were re-suspended in 
PRMI-1640 with 10% FBS and then seeded in 
flat-bottomed 12-well culture plates. After 3 
weeks, the colonies were fixed by 4% parafor-
maldehyde and stained by crystal violet (Sigma-
Aldrich). The numbers of colonies were calcu-
lated. Each assay was performed in triplicate.

AdCC xenograft study

Animal study in this study was conducted in 
accordance with NIH guidelines for the Care 

and Use of Laboratory Animals and approved 
by Animal Care and Use Committee of Wuhan 
University. Female nude mice (6-8 weeks of 
age) were purchased from SLAC Laboratory 
Animal Center (Hunan, China). Mice were 
housed in sterile filter-capped cages with an 
inverse 12 h day-12 h night cycle at 22 ± 1°C 
and 55 ± 5% humidity. For AdCC xenograft, the 
nude mice were divided into two groups (n = 5, 
each group) randomly. About 4 × 106 SACC-LM 
cells transfected with negative shRNA (NC) or 
AGR2 shRNA (shAGR2) in 0.2 ml of serum-free 
medium were injected subcutaneously into the 
right flank of nude mice. Tumor growth was 
determined by measuring the volume of the 
tumor with a caliper every other day followed 
the formula (width2 × length)/2. The mice were 
euthanized using CO2 at the experimental 
endpoint.

Cell migration assays

Cell migration assays were performed with 0.8 
μm pore size transwell inserts (Corning Life 
Sciences). Briefly, certain amount (1 × 105) 
cells transfected with negative shRNA (NC) or 
AGR2 shRNA were seeded in the upper cham-
ber and cultured in serum-free culture medium. 
500 μl culture medium supplemented with 10% 
FBS was added to lower wells as chemoattrac-
tant. After 24 hours’ incubation, cells were fixed 
by 4% paraformaldehyde and stained by crystal 
violet. Non-migrating cells on the upper surface 
of the membrane were scrubbed off. Migratory 
cells were photographed at a constant magnifi-
cation (20 ×) and cell numbers were counted 
with Image-Pro Plus. Each assay was per-
formed in triplicate.

Western blot analysis

Harvested cells were lysed in RIPA (Beyotime) 
containing a complete mini-protease inhibitor 
cocktail and phosphate inhibitors (Roche, 
Branchburg, NJ). Antibodies against human 
AGR2 (CST, 1:1000), Survivin (CST, 1:1000), 
Cyclin D1 (Abcam, 1:1000), CD147 (Abcam, 
1:1000), E-cadherin (CST, 1:1000), N-cadherin 
(CST, 1:1000), Slug (CST, 1:1000) were used as 
primary antibodies. β-actin was used as load-
ing control. Detailed procedures for immunob-
lotting performed were as described previously 
[21]. Each assay was performed in triplicate.
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Real time qPCR analysis

Total RNA was extracted using Trizol (Invitrogen, 
Life Technologies). Reverse transcription was 
primed with Oligo (dT) using a PrimeScriptTM RT 
reagent Kit with gDNA Eraser kit (Takara Bio). 
Real-time quantitative PCR were performed 
with SYBR Green I (Takara Bio) on a QuantStudio 
6 Flex System (Thermo Fisher Scientific). 
Relative expressions were normalized for 
GAPDH. Melting curves were examined to 
ensure specific amplification. The sequences  
of primers for AGR2, CD147, E-cadherin, 

N-cadherin, Slug, Snail, Survivin and Cyclin D1 
were shown in Supplementary Table 1.

Immunofluorescence and confocal microscopy

Cells were cultured on 10 mm glass-bottom 
dish (Nest Biotechnology), fixed with 4% para-
formaldehyde and permeabilized in 0.1% Triton 
X-100. After that cells were washed with PBS 
and blocked with 5% bovine serum albumin 
(BSA). The cells were incubated with primary 
antibody (E-cadherin and N-cadherin, 1:200, 
CST) and secondary antibody. Coverslips were 

Figure 1. Overexpression of AGR2 in human salivary adenoid cystic carcinoma tissue microarray. A. Representative 
AGR2 IHC staining images of normal salivary gland (NSG), pleomorphic adenoma (PMA) and salivary adenoid cystic 
carcinoma (AdCC), scale bar = 50 μm. B. Quantification of AGR2 histoscore in NSG, PMA and AdCC, AGR2 was signifi-
cantly increased in AdCC (Mean ± SEM, **P<0.01, ***P<0.001, one way ANOVA post tukey test). C. Quantification 
of AGR2 histoscore in cribriform, tubular and solid AdCC, There is no significant difference in the histoscore of AGR2 
among the three types of AdCC (Mean ± SEM, one way ANOVA post tukey test).
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mounted with mounting medium (Vector Labo- 
ratories) containing diamidino-2-phenylindole 
(DAPI) and photographed under a laser scan-
ning confocal microscope (Olympus).

Statistical analysis

All statistical analyses, including unpaired t test 
and one-way ANOVA followed by the post-Tukey 
test, were carried out using Graph-Pad Prism 
version 5.00 for windows (Graph-Pad Software 
Inc.). Unpaired t test was used to compare the 
differences of colony numbers, tumor volumes 
and migrated cells between the negative con-

up-regulated in AdCC tissues as compared with 
NSG or PMA (Figure 1B). Additionally, there  
was no significant difference in the histoscore 
of AGR2 in three different histology types of 
AdCC (Figure 1C). These results emphasized 
the potential oncogenic role of AGR2 in AdCC. 

Overexpression of AGR2 is correlated with 
Ki-67, TGF-β1 and CD147 in human salivary 
AdCC tissue microarray

Considering the pro-metastasis and pro-surviv-
al functions of AGR2 in variety of human solid 
tumors, herein, we discussed the correlation of 

Figure 2. Overexpression of AGR2 is correlated with Ki-67, TGF-β1 and CD147 
in human salivary AdCC tissue microarray. A. Representative photos of Ki-67, 
TGF-β1 and CD147 of NSG or AdCC tissue (scale bar = 50 μm). B. Two-tailed 
Pearson’s statistics showed the significant correlation of AGR2 with Ki-67, 
TGF-β1 and CD147. C. Hierarchical clustering of AGR2, Ki-67, TGF-β1 and 
CD147 histoscore results in human AdCC tissue microarrays.

trol group and shAGR2 group. 
The One-way ANOVA followed 
by the post-Tukey test was 
used to analyze the differenc-
es in immunohistochemical 
staining. The data were pre-
sented as the Mean ± SEM, 
and statistical significance 
was determined as P<0.05.

Results

Overexpression of AGR2 in 
human salivary adenoid cys-
tic carcinoma tissue microar-
ray

Overexpression of AGR2 was 
reported in variety of human 
cancers [9]. In this study, to 
explore the expression pat-
tern of AGR2 in human sali-
vary AdCC tissues, human 
AdCC tissue microarray, which 
was constructed by 18 cases 
of normal salivary glands 
(NSG), 12 cases of pleomor-
phic adenoma (PMA) as well 
as 72 cases of AdCC was 
employed for immunohisto-
chemical (IHC) staining. Re- 
presentative AGR2 IHC stain-
ing photos of NSG, PMA and 
three distinct histology types 
(tubular, cribriform, and solid) 
of AdCC were shown in Figure 
1A. AGR2 was mostly located 
in the cytoplasm of the tumor 
cells. The expression of AGR2 
(Histoscore) was significantly 
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Figure 3. Knockdown of AGR2 represses cell proliferation of AdCC cell lines in vitro and in vivo. A. Cell viability as-
says on SACC-83 and SACC-LM cells. Knockdown of AGR2 significantly repressed the proliferation of SACC-83 and 
SACC-LM cells on Day4 and 5 (Mean ± SEM, **P<0.01, ***P<0.001). B. Anchorage-dependent colony formation 
assay of SACC-83 and SACC-LM cells. Knockdown of AGR2 significantly attenuated the colony formation ability of 
both SACC-83 cells and SACC-LM cells (Mean ± SEM, **P<0.01, unpaired t test). C. Representative images of the 
tumors of negative control group (NC, n = 5) and AGR2 shRNA group (shAGR2, n = 5). D. Tumor size of NC group and 
shAGR2 group was assessed (Mean ± SEM, **P<0.01, ***P<0.001 unpaired t test). E. Western blotting indicated 
that knockdown of AGR2 reduced the protein level of Survivin and Cyclin D1 in SACC-83 cells and SACC-LM cells. 
The β-actin was used as loading control. F. Knockdown of AGR2 significantly reduced the mRNA levels of Survivin 
and Cyclin D1 in SACC-83 cells and SACC-LM cells (Mean ± SEM, **P<0.01, ***P<0.001, unpaired t test). 
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AGR2, Ki-67 (proliferation marker), TGF-β1 
(EMT inducer) and CD147 (invasion marker) in 
AdCC tissues. Representative IHC photos of 
AGR2, TGF-β1, and Ki-67 in NSG or AdCC were 
displayed respectively in Figure 2A. Ki-67 was 
mainly located at the nuclears of AdCC tumor 
cells. TGF-β1 was mostly located at the cyto-
plasm of both AdCC tumor cells and stroma 
cells. Meanwhile, CD147 was mostly located at 
the membrane of AdCC tumor cells. Pearson’s 
statistics results indicated that overexpression 
of AGR2 was significantly correlated with Ki-67 
(P<0.01, r = 0.2660), TGF-β1 (P<0.01, r = 
0.3058) and CD147 (P<0.05, r = 0.2055) in 
NSG, PMA, and AdCC (Figure 2B). A further  
hierarchical clustering analysis was used to 
determine the relationship of AGR2, Ki-67, TGF-
β1 and CD147 (Figure 2C). On the basis of 
these results, we hypothesized that AGR2 was 
probably involved in AdCC tumor cell survival, 
and conferred to EMT progression through 
combination with TGF-β1, leading a further 
metastasis.

Knockdown of AGR2 represses cell prolifera-
tion of AdCC cell lines in vitro and in vivo  

In order to assess the functions of AGR2 in 
AdCC, we selected two AdCC cell lines (SACC-
83 and SACC-LM) for functional study. Through 
employing specific shRNA targeting AGR2 
(shAGR2#1 and shAGR2#2), the mRNA level 
and protein level of AGR2 were significantly 
reduced (Supplementary Figure 1A and 1B). A 
followed cell viability assay showed that knock-
down of AGR2 significantly repressed the prolif-
eration of both SACC-83 and SACC-LM cell 
lines (Figure 3A). Furthermore, inhibition of 
AGR2 significantly reduced the colony numbers 
of SACC-83 cells and SACC-LM cells (Figure 
3B). Based on these in vitro findings, we inves-
tigated whether or not AGR2 silencing can 
repress the cell proliferation in vivo. Xenograft 
tumor model was established by the subcuta-
neous injection of SACC-LM cells transfected 
with negative control shRNA (NC) or AGR2 
shRNA (shAGR2) into nude mice (n = 5 each 
group). AGR2 silencing caused a significant 
repression on the proliferation of SACC-LM 
cells in vivo at Day 17 (Figure 3C and 3D). In 
addition, AGR2 knockdown caused an obvious 
reduction of Survivin and Cyclin D1 on both pro-
tein and mRNA level (Figure 3E and 3F). These 

results indicated the pro-survival role of AGR2 
in AdCC cell lines.

Knockdown of AGR2 inhibits cell migration of 
AdCC cell lines

AGR2 was previously identified as a pro-metas-
tasis protein in variety kinds of cancers [11-13]. 
Here in, we detected both protein level and 
mRNA level of AGR2 in SACC-83 cells and 
SACC-LM cells. SACC-LM, with a high potential 
of metastasis, is derived from the lung meta-
static focus of SACC-83 cells in nude mice [25]. 
Obviously, the protein and mRNA expression of 
AGR2 and CD147 were significantly elevated in 
SACC-LM cells as compared with the parental 
cells SACC-83 (Figure 4A and 4B). These find-
ings indicated that AGR2 was probably involved 
in the process of metastasis of AdCC cells. To 
further determine the function of AGR2 in cell 
migration of AdCC cells, transwell migration 
assays were performed. As shown in Figure 4C, 
knockdown of AGR2 by shRNA caused a signifi-
cant decrease of migration of both SACC-83 
cells and SACC-LM cells. Based on the findings 
above, we suggested that AGR2 expression is 
necessary during the process of migration of 
AdCC cells.

Knockdown of AGR2 reverses the EMT phe-
nomenon induced by TGF-β1

TGF-β1 was suggested as a potent regulator of 
EMT during cancer progression [16]. Addi- 
tionally, exogenous addition of TGF-β1 signifi-
cantly promoted the invasion and migration of 
AdCC cell lines [25]. Herein, we discussed the 
role of AGR2 during the process of TGF-β1 
induced EMT. Representative immunofluores-
cence photos of SACC-LM cells were shown in 
Figure 5A. Knockdown of AGR2 by shRNA 
increased the activity of E-cadherin, which was 
reduced in the presence of exogenous TGF-β1. 
Meanwhile, the increased expression of 
N-cadherin caused by TGF-β1 was reversed by 
AGR2 knockdown. Additionally, in SACC-83 
cells and SACC-LM cells, the protein levels of 
E-cadherin, N-cadherin, Slug and CD147 were 
significantly reduced by AGR2 knockdown in 
the presence of TGF-β1 (Figure 5B). The fol-
lowed qRT-PCR assays also identified that 
knockdown of AGR2 significantly reduced the 
mRNA level of Slug, Snail and CD147 in the 
presence of TGF-β1 (Figure 5C). Furthermore, 
inhibition of AGR2 significantly repressed the 
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enhanced migration of SACC-83 cells and 
SACC-LM cells which was caused by TGF-β1 
(Figure 5D). Taken together, these results 
above revealed that inhibition of AGR2 attenu-
ated the metastasis of AdCC cells by reducing 
the EMT status induced by TGF-β1.

Discussion 

AdCCs are characterized with neural invasion 
and high potential of distant metastasis [1]. 

Although AdCC has a tendency for a relative 
prolonged clinical course, the prognosis be- 
come rather poor once the distant metastasis 
occurred [26]. Therefore, a better understand-
ing of the mechanism of the metastasis of 
AdCC is urgently needed. Accumulating reports 
have confirmed the critical role of EMT in can-
cer invasion and metastasis [14]. In addition, 
the overexpression of pro-metastasis protein 
AGR2 was associated with the EMT process in 
our previous study focused on HNSCC [21]. 

Figure 4. Knockdown of AGR2 inhibits cell migration of AdCC cell lines. A. Western blotting showed that the protein 
levels of AGR2 and CD147 in SACC-LM cells were higher. The β-actin was used as loading control. B. The mRNA lev-
els of AGR2 and CD147 were significantly increased in SACC-LM cells (Mean ± SEM, *P<0.05, **P<0.01, unpaired 
t test). C. Transwell migration assays revealed that knockdown of AGR2 significantly inhibited the migration ability of 
SACC-83 and SACC-LM cells (Mean ± SEM, **P<0.01, ***P<0.001, unpaired t test, scale bar = 100 μm).
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However, the expression of AGR2, and its rela-
tionship with EMT remained unclear in AdCC. 

Overexpression of AGR2 was frequently detect-
ed in various cancers, promoting the growth 
and metastasis of malignance cells, and exert-
ing negative impact on the clinical outcome [5, 
10, 12, 27]. In the present study, we identified 
a significant increase of AGR2 protein level by 
IHC staining in AdCC tissues as compared with 
the normal salivary glands and benign salivary 
gland tumors. This result, which was in accor-
dance with the studies on many other cancers, 
probably emphasized the oncogenic role of 
AGR2 in AdCC. Recent studies showed that 
abnormal AGR2 expression contributed to the 
survival of cancer cells. In breast cancer, ele-
vated AGR2 expression helped malignant cells 
to survive under serum-depleted conditions or 
hypoxic conditions [28]. It also reported that 
AGR2 modulated the growth of breast cancers 
via Survivin, c-Myc as well as Cyclin D1 [29]. In 
accordance with these evidences above, AGR2 
expression was positively correlated with Ki-67 
in the present study. Meanwhile, knockdown of 
AGR2 by shRNA caused significant repression 
of proliferation in AdCC cell lines in vitro and in 
vivo and reduced the protein level of Survivin 
and Cyclin D1. Migration and invasion are cru-
cial processes for tumor cell circulation and 
establishment of distant metastasis [30]. 
Several investigations into tumor progression 
have indicated the pro-metastasis role of AGR2 
[11, 31-33]. In the present study, we found a 
significant higher AGR2 expression in high-met-
astatic AdCC cell lines as compared with the 
parental cell lines. Furthermore, inhibition of 
AGR2 significantly attenuated the migration 
ability of AdCC cells. These findings implied the 
indispensable role of AGR2 during the meta-
static process of AdCC cells. However, the 
underlying complex mechanism remained to be 
elucidated. Taken together, our findings indi-
cated that AGR2 might promote tumor progres-

sion by enhancing the cell proliferation and 
metastasis in AdCC.

The EMT process is initiated by signaling path-
ways that respond to extracellular cues, among 
which TGF-β1 plays a predominant role [16]. In 
breast cancer, TGF-β1 was found up-regulated 
to promote metastasis and interfere the clinical 
outcome [34]. For liver cancer, TGF-β1, com-
bined with CXCR4, enhanced the EMT and con-
tributed to cancer dissemination [35]. Addi- 
tionally, recent report indicated CD147, a mem-
brane glycoprotein that regulates cell adhe-
sion, participated in EMT program in cancer 
[36]. Activation of TGF-β1/CD147 axis was sig-
nificantly associated with poor survival of 
patients with hepatocellular carcinoma [37]. 
These studies emphasized the predominate 
role of TGF-β1 in inducing and maintaining EMT. 
To assess whether or not AGR2 was involved in 
EMT progression, we discussed the relation-
ship of AGR2 and TGF-β1/CD147 by Pearson 
correlation analysis. Notably, AGR2 was posi-
tively correlated with TGF-β1 and CD147 in the 
serial cutting human AdCC tissue microarrays. 
These results, at least partially, indicated the 
potential association between AGR2 and EMT. 
Accumulating studies demonstrated tumor 
cells that undergo EMT acquire better survival 
and stronger metastatic capabilities. It has 
been reported that TGF-β1 potently contributed 
to the migration and invasion of AdCC cells 
[25]. Indeed, enhanced migration ability of 
AdCC cells was induced by TGF-β1 in our pres-
ent study, but was significantly reversed by 
AGR2 knockdown. AGR2 silencing reduced the 
N-cadherin, Slug, Snail and CD147, but up-reg-
ulated the E-cadherin in AdCC cells, which were 
exposure in exogenous TGF-β1. These observa-
tions were partially in accordance with Chen’s 
research on HNSCC [38]. In summary, our data 
suggested that AGR2 might partially disrupt the 
metastasis of AdCC cells via decreasing EMT.

Figure 5. Knockdown of AGR2 reverses the EMT phenomenon induced by TGF-β1. A. Representative Immuno-
fluorescence photos of SACC-LM treated with negative control shRNA (NC), TGF-β1 with or without AGR2 shRNA 
(shAGR2) were displayed. The expression of E-cadherin was reduced by TGF-β1 but reversed by AGR2 knockdown. 
The expression of N-cadherin was up-regulated by TGF-β1 but recovered by AGR2 knockdown (scale bar = 10 μm). B. 
Western blotting showed the expression of E-cadherin, N-cadherin, Slug and CD147 in SACC-83 and SACC-LM cells 
tranfected with negative control shRNA (NC) or with AGR2 shRNA (shAGR2) in the presence of TGF-β1. The β-actin 
was used as loading control. C. The mRNA levels of Slug, Snail and CD147 in SACC-83 and SACC-LM cells were sig-
nificantly reduced by AGR2 silencing in the presence of TGF-β1 (Mean ± SEM, **P<0.01, ***P<0.001, unpaired t 
test). D. Knockdown of AGR2 reversed the enhanced ability of migration which induced by TGF-β1 in SACC-83 cells 
and SACC-LM cells (Mean ± SEM, **P<0.01, ***P<0.001, one way ANOVA post tukey test, scale bar = 100 μm). 
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In conclusion, the expression pattern of pro-
metastasis protein AGR2 was detected in 
human AdCC tissue microarray. Aberrant AGR2 
expression was firmly correlated with Ki-67, 
TGF-β1 and CD147 in human AdCC tissues. 
Knockdown of AGR2 by specific shRNA could 
remarkably repress the proliferation and migra-
tion of AdCC cells. In addition, inhibition of 
AGR2 repressed the enhanced metastatic abil-
ity of AdCC cells induced by EMT. According to 
these finds, we suggest AGR2 is a potential 
therapeutic target for AdCC, especially the 
AdCC with the tendency of distant metastasis.
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Supplementary Table 1. Primer sequences in this study
Gene Forward Primer (5’ to 3’) Reverse Primer (5’ to 3’)
AGR2 GTCAGCATTCTTGCTCCTTGT GGGTCGAGAGTCCTTTGTGTC
CD147 GAAGTCGTCAGAACACATCAACG TTCCGGCGCTTCTCGTAGA
E-cadherin CGAGAGCTACACGTTCACGG GGGTGTCGAGGGAAAAATAGG
N-cadherin AGCCAACCTTAACTGAGGAGT GGCAAGTTGATTGGAGGGATG
Snail TCGGAAGCCTAACTACAGCGA AGATGAGCATTGGCAGCGAG
Slug CGAACTGGACACACATACAGTG CTGAGGATCTCTGGTTGTGGT
Survivin AGGACCACCGCATCTCTACAT AAGTCTGGCTCGTTCTCAGTG
Cyclin D1 GCTGCGAAGTGGAAACCATC CCTCCTTCTGCACACATTTGAA

Supplementary Figure 1. Inhibition efficacy of AGR2 by specific shRNA. A. The protein levels of AGR2 in SACC-LM cell 
transfected with negative control shRNA (NC), AGR2 shRNA#1 (shAGR2#1) and AGR2 shRNA#2 (shAGR2#2). B. The 
mRNA levels of AGR2 in SACC-LM cell transfected with negative control shRNA (NC), AGR2 shRNA#1 (shAGR2#1) 
and AGR2 shRNA#2 (shAGR2#2, Mean ± SEM, *P<0.05, ***P<0.001, unpaired t test).


