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Abstract. ������� ������ ��������� �� �������� ����� �����-������� ������ ��������� �� �������� ����� �����-
����� �h��������z�� b� �������� ��� ���������� ���w�h �h�� 
�xh�b��� ��h����� ���������� �� �u�����, �h����h���p� ��� 
������h���p� ��� �� ���� �xp������ ����� ���������� w��h 
well-defined carcinogenic and metastasis processes. There 
�� �� ����� ���� ����b���h�� f�� X�GE-1b, wh��h �� � ���b�� 
�f �h� ������ ������ ������� f����� �� �u����������� ��� 
the metastasis process of ACC. We studied and elucidated 
�h� ����������� b��w��� �h� p����f������� ��� ���������� �f 
ACC and XAGE-1b. The eukaryotic vector was constructed 
f�� X�GE-1b �����xp������� �� �CC-2 �����, wh��h w��� 
u��� f�� ��u����� �h� p����f������� ��� ��������� ph�����p� 
in vivo ��� in vitro. RNAi technology was used to suppress 
�h� �xp������� �f X�GE-1b �� �h� �CC-M ���� ����, ��� 
�hRN� �xp������� ������ w�� ���� ������u���� ��� �������� 
f�� �����f����� X�GE-1b �xp������� �pp���� �� �CC-M ���� 
lines. The effects on cell migration activity with XAGE-1b 
overexpression were determined by QCMTM 24-Well Cell 
I������� ����� in vitro, and a lung metastatic model in mice. 
We found decreased effects on the proliferation phenotype 
�f �CC-M ���� in vivo ��� in vitro w��h X�GE-1b ��w�-
���u������, ��� X�GE-1b �����xp������� p������� �h� 
p����f������� �f �CC-2 ����� in vivo ��� in vitro, wh��� ��� 
�����xp������� p������� �h� ��������b���� �������� �f 
�CC-2 ����� in vitro ��� ���������� in vivo of the nude mice. 
Th� p����f������� in vitro �f �CC-M ����� ��� �ub�u�����u� 
�u��� ���w�h �f �u�� ���� w�� ��h�b���� b� X�GE-1b �����-
ference. The ACC-2 cell line with XAGE-1b overexpression 
���p����� ���� ��p�� p����f������� ��� h��h�� ��������-
b���� ��� ���������� �b����� in vivo ��� in vitro, w��h ���� 
angiogenesis in the tumor tissues. XAGE-1b gene was able 

�� ��f�u���� ������������ �������� �� ����������, ������� �� 
tumorigenesis and metastasis of ACC.

Introduction

Carcinomas of the head and neck represent the sixth most 
f��qu��� ������ w����w���, ��� �� ����� 90% �f �h�� ��� 
squamous cell carcinomas (1). The overall 5-year survival 
rate for patients with head and neck squamous cell carci-
����� (HNSCC) �� ����� �h� ��w��� �f �h� ��j�� ������� 
and has not improved dramatically in the past years (2,3). 
Adenoid cystic carcinoma (ACC) of the head and neck is a 
�u��� ������� f��� �h� ��j�� ��� ����� �������� ������ ��� 
�� ����u��� f�� ���u�� 10% �f ��� �������� ����� ���p�����, 
22% �f ��� �������� ����� ������������ ��� ~1% �f ��� h��� 
and neck malignancies (4). ACC is an uncommon tumor and 
��� p���������� �� � ���p��x p������ �h�� ����u��� �����-
���� �����f��������, p����f�������, ��������, ��� ���������� 
�f ������ ����� ��� � h��h ���� �f ����� ���u������ ��� �h� 
������� ����� �f ������� h���������u� ����������, ��p�-
������ w��h � h��h ��������� �f ������� ���������� (DM) �� 
�h� �u�� (5), �pp��x������� 40-60% �f p������� w��h �CC 
develop distant metastases to lungs, bone or soft tissues. 
Thus, distant failure remains a significant obstacle in the 
����-���� �u�� �f p������� w��h �CC ��ph���z��� �h� ���� 
f�� � b����� u������������ �f �h� b��������� f������ ������-
ated with this malignancy (6). The molecular mechanism 
�f �h� ���������� ������p���� �� p����� u���������, ������� 
b���u�� �h� ���������� �� � ���p��x p������ ��������� 
������� �������� ���p� �u�h �� ����p� f��� p������ �u���, 
������������� �h��u�h �h� ����u������, �������� �� ����� 
������� �� �������� �����, p���������� �f �h� ������ w��� ��� 
growth in the new site as a secondary tumor (7). Most deaths 
f��� �������� �CC ��� ��u��� b� �u�� ���������� �h�� ��� 
resistant to conventional therapy. Therefore, the development 
�f ��w ��������� ���������� f�� �h� p������ �u��� ��� f�� 
metastatic lesions remains a challenge. Although reasons for 
�h� ������������ ��� ���������� ���������� ������������� �f 
�CC� ������ u������, �h��� �� ���� �������h �u�������� �h�� 
angiogenesis may be a possible mechanism involved (8).

C�����/������ �������� (CT��) ���p���� �h� ������� f����� 
of tumor antigens, of which >40 have now been identified, 
��� ������� b� ����� �h�� ��� �������� �xp������ ���� �� 
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�h� hu��� ���� ����, bu� ��� ���� �xp������ �� �����u� �u��� 
��p��, ����u���� ��������, ��� ���������� �f �h� b������, 
lung and liver. CTAs are also being evaluated for their role in 
����������� - ����p��u������ �f p������� �f �h� �������� ����-
�xp������� p�������� ���h� ������bu�� �h������������ f���u��� 
to the neoplastic phenotype, including immortality (9). In 
������ ����� ������� CT��, ����u����M�GE-�1, M�GE-�3, 
NY-ESO-1, SSX2 ��� X�GE-1b, w��� f�u�� �� �u�� �u���� 
(10-13), making it possible to apply CTA based immunotherapy 
to the treatment of lung cancer (14,15). XAGE-1 was identified 
���������� �� � P�GE/G�GE ������� ���� �� �h� X �h����-
some by expressed sequence tag (EST) analysis (16). Studies 
�f X�GE-1 �xp������� �������� �h�� �h� ���� �� � CT� ��� �� 
h�� b��� �h�w� ����� �� b� �xp������ �� ���������� ��������, 
Ew���'� ������� ��� ���� �p��h����� �u����, ����u���� �h��� 
of the breast and lung (17-19). Among the four splice variants 
�f X�GE-1 (X�GE-1�, b, � ��� �), X�GE-1b �� �������� 
�� �h� ���� ���u�������, ��p�b�� �f ��������� ����u��� ��� 
humoral immune responses. It is also highly expressed in lung 
adenocarcinoma; thus, XAGE-1b is one of the most promising 
targets for lung adenocarcinoma immunotherapy (20,21). 
There is no report of research on the specific tumor marker or 
�h� ���� ��������� w��h ��������� �f �CC, bu� �h��� ��� ���� 
IHC ���u��� wh��h �h�w�� ���� ����������� b��w��� p������ 
kinase K, laminin, fibronectin, keratin14, S-100 protein, P16 
and P27 and the pathologic stage or migration of ACC (3). The 
������������� f��u���� �� �h� ��������� �f �CC b���� �� �h� 
�����u��� ����� h��� b��u� (4,6), bu� �h��� ��� �� ��u���� �� 
�h� ���h����� �� ��� ��������� �� ���� h��h �������� �� f�� 
to our knowledge.

The eukaryotic overexpression XAGE-1b vector was 
������u����, ��� �h� �������� ���b�� �xp������ ����� w��� 
u��� f�� �h� ��u�� �f p����f������� ��� ��������� ph�����p� 
in vivo ��� in vitro. We constructed and screened the shRNA 
�xp������� ������ f�� �����f����� w��h X�GE-1b �xp������� �� 
ACC-M cells. The proliferation phenotype of ACC-M cells 
w�� �b������ w��h X�GE-1b ��w����u������, ��� f�u�� b��h 
in vivo ��� in vitro. The ACC-M cell proliferation in vitro ��� 
�ub�u�����u� �u���� �f �u�� ���� w��� ��h�b���� �h��u�h 
�����f����� X�GE-1b ���� �xp�������, �CC-2 ����� w��h ����-
�xp������� �f X�GE-1b �h�w�� ���� ��p�� p����f������� ��� 
��������b���� ��� ��������� in vivo ��� in vitro, w��h ���� 
angiogenesis. All the above results indicated that XAGE-1b 
influenced the angiogenesis directly or indirectly, and it led 
to migration. Therefore, the correlation between XAGE-1b 
expression and lung metastases of ACC was proven. The results 
��� ������bu�� �� ��������� �f �CC f��u���� �� X�GE-1b �� 
a drug target.

Materials and methods

Design and synthesis of the primers. Eukaryotic expression 
������ �f pE-Xb wh��h ���� �xp������ X�GE-1b p������ 
w�� ������u���� f��� pEGFP-N1, ��� pEGFP-XP-GFP 
������u���� f��� pEGFP-N1 �� � fu���� p������ �xp������� 
vector combining with GFP. All the primer sequences are 
shown in Table Ⅰ. The shRNA expression vector especially 
�����f����� w��h X�GE-1b �xp������� w�� �������� ��� 
constructed to pGCsi-U6/Neo/RFP. All the single oligo 
nucleotide sequences are shown in Table Ⅱ. The primers used 

f�� ��������� X�GE-1b ��� G�PDH �xp������� b� RT-PCR 
are shown in Table Ⅲ.

Construction of recombinant plasmids. T� ��qu��� �DN� �f 
X�GE-1b f��� �CC-M ����� ��� �� ��p��f� �h� f�������� 
w��h �h� p������ �f GN-1B-F ��� GN-1B-R, �h� f�������� 
w��� �������� ���� pEGFP-N1 p������ pE-Xb �xp������� 
vector without GFP fusion. XAGE-1b vectors with GFP 
fu���� w��� ������u���� w��h �h� p������, ����u���� X�GE-
1b, GN-1B-F and GN-1B-R (G), named pEGFP-Xb-GFP. 
N������� ������� ������ �f pEGFP-N1 w�� ����� pE-N���-
tive. The shRNA for specially interfering with XAGE-1b was 
�������� ��� ����h���z�� ��� ������u���� ���� pGC��-U6/
Neo/RFP vector by Jikai (Shanghai, China). There are three 
�����f����� �������, ����u���� Sh-�, Sh-b ��� Sh-�, ��� �h� 
p������� ������� ��qu���� ����� pG-P������� �� �������� 
�p������� f�� �����f����� w��h GFP �xp�������, �h� �������� 
������� ��qu���� (����h��� �x��p� f�� ��qu����� ������� ��� 
human gene), was named pG-Negative.

Animals, cell lines and cultures. Th� �u�� ���� (B�LB/� 
�u/�u) w��� pu��h���� f��� �h� ������ ������ �f Sh���h��, 
��� �u�������� �� �h� ������ �xp��������� ������ �f �h� 
Second Military Medical University (Shanghai, China). The 
hu��� �������� �CC-2, �CC-M, SPC-�1 ��� 293T ����� 
u��� �� �h� ��u�� w��� �b������ f��� �������� T�p� Cu��u�� 
Collection (ATCC, Manassas, VA, USA). ACC-2, ACC-M, 
SPC-�1 ����� w��� �u��u��� �� RPMI-1640 f��� G�b�� 
(Langley, OK, USA) supplemented with 10% fetal bovine 
serum (FBS) from Sigma (St. Louis, MO, USA) at 37˚C in 
a humidified atmosphere of 5% CO2 in air. 293T cells were 
�u��u��� �� DMEM f��� G�b�� (C����b��, C�, US�) �upp��-
mented with 10% FBS. All chemicals needed for cell culture 
were purchased from Gibco. The effective fragments of RNA 
�����f����� w��� �h���� b���� �� ��������� RN� �����f����� 
exogenous expression in 293T cells and SPC-A1 cells.

RNA extraction, cDNA synthesis, and RT-PCR. R������ ����-
scription-PCR. Total RNA isolated from above culture cells 
w�� p��p���� w��h TRIz�� (I���������, C����b��, C�, US�) 
according to the manufacturer's instructions. RNA quantifi-
cation was done using spectrophotometry. Semi-quantitative 
RT-PCR �������� f�� �hRN� �����f����� �xp������� ��� �h� 
�������� ������� G�PDH w�� ������� �u� u���� �BI PE9600 
PCR System. The PCR products were electrophoresed on 
2% ������� ��� ��� ������� w��h ��h���u� b������ (P�����, 
Rockford, IL, USA). Quantitative reverse transcription PCR 
analysis was carried out to understand the efficacy of the 
shRNA interfering expression.

Western blot analysis. ACC-2 cells were collected into 1.5 ml 
Epp�����f �ub�� �� ���, ������fu��� �� 800 �p� f�� 5 ��� 
at 4˚C, resuspended in 100 µl cell lysis buffer containing 
proteinase inhibitor, and incubated on ice for half an hour. 
Th� ������� w��� ������fu��� �� 14000 �p� f�� 30 ��� �� 
4˚C, the supernatants were collected and stored at -70˚C for 
electro phoresis. The concentration of protein sample was 
determined by the Lowry method. Proteins in conditioned 
����� w��� ��p������ b� �������ph������ �� 15% SDS-P�GE 
���� ��� �����f����� �������ph���������� ���� ���������u���� 
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membranes. After being blocked for 2 h with 5% skim milk, 
b���� w��� ���ub���� w��h 1:1,000 ���u��� �h��p ����-hu��� 
����b��� X�GE-1b ��� 1:3000 ���u��� ����b��� G�PDH �� 
room temperature overnight. After four washes with PBST, 
�h� ���b���� w�� ��p������� ���ub���� w��h ��bb�� ����-
�h��p ����b��� �� � ���u���� �f 1:2,000 ��� �h��p ����-��u�� 
����b��� G�PDH �� � ���u���� �f 1:4,000 f�� 1 h ��� 45 ���, 
respectively. Finally, the protein bands were visualized with 
an ECL kit. Quantitative analysis of the blots was performed 
with an imaging densito meter and GAPDH as the control. 
GAPDH served as an internal control for total cDNA content.

Cell proliferation assay. MTT ����� w�� u��� f�� ��������� 
cell proliferation. The stably expressing cell lines of ACC-2 
��� �CC-M w��� �u��u��� �� �������h��� ���w�h ph��� ��� 
synchronized with serum-free medium for 24 h. All the cells 
w��� ����u����� �� � 96-w��� p���� ��� ����u��� f�u� ����� 
every 24 h continuously. MTT (10 µl) (Sigma) was added into 
the plate, 4 h later, 100 µl DMSO (Sigma) was added after 
��p����� �h� ���� p���� ��� �h� OD570 ���u�� w��� ����u��� 

with the SpectraMax M5 (Molecular Devices Corp., Concord, 
Ontario, Canada). Then the proliferation curve was drawn.

Cloning of cell lines. Th� ���b�� �xp������� ���� ����� �f 
�CC-2 ��� �CC-M w��� �u��u��� �� �������h��� ���w�h 
phase and synchronized with serum-free medium for 24 h. 
Th� ����� w��� ����u����� ���� � 6-w��� p���� ~500 ����� p�� 
w��� w��h �h��� ��p��� w����, ��� �u��u��� w��h �h� G418-f��� 
medium. After 14 days, the medium was removed and washed 
two times with PBS. Crystal violet (500 µl) was added into 
�h� w��� ��� ������� f�� 5 ���, �h�� �h� ��� w�� ������� ��� 
washed two times again with PBS.

Transmembrane experiment in vitro. Th� ��������b���� 
�xp������� in vitro w��h �CC-2 ���� ���� w�� ������� �u� 
��������� �� �h� ���uf���u���'� �����u������ �f �h� QCMTM 
24-Well Cell Invasion Assay kit (Chemicon, Billerica, MA, 
USA). The transmembrane rate was calculated according to 
the experimental results.

Analysis of subcutaneous tumor growth in vivo of nude mice 
and lung metastasis. Exp��������� ���up�, ��� ���u�� �f 
cells are list in Table Ⅳ. The nude mice were divided into 
three groups. Each cell line was cultured in a bottle as 2x106 
�����, ��� �h� �������� �f ����� w�� ����u��� b� �������� w��h 
0.2% Trypan Blue. The cells were synchronized by replacing 
w��h f���h ���u�-f��� ��� ��ub��-���� ����u� �������h� 
before the inoculation. Cells were digested with 0.25% 
���p��� ��� ��u���� u���� �� �u������� ��u���� b�f��� 
centrifugation. The concentration was adjusted to 1x107 ����/
ml by serum-free medium and prepared for injection. Cell 
suspension (100 µl) as 1x106 cells was injected s.c. into the 
back or the tail vein of 4- to 6-week-old female BALB/C nu/

Table I. The primers of XAGE-1b expression vector.

C�����u����� �f ������ P����� P����� ��qu����� P���� R���������� �����

pE-Xb GN-1B-F 5'-TCG�CTCG�G�TGG�G� pEGFP-N1 XhoI
  GCCCC�����G��G� 3'
 GN-1B-R 5'-CGCGG�TCCTC�TT���CT  EcoRI
  TGTGGTTGCTCTTC�C-3'
pEGFP-Xb-GFP GN-1B-F 5'-TCG�CTCG�G�TGG�G� pEGFP-N1 XhoI
  GCCCC�����G��G�-3'
 GN-1B-R(G) 5'-CCGG��TTCG��CTTG  EcoRI
  TGGTTGCTCTTC�C-3'

Table II. Targeting sequences of XAGE-1b interfering vector.

P������ C�����u����� O���� ��qu����� �f S�qu����� �f L������� �f �h�
 �f ������ ��������� RN�� p���������� ���u��u�� ��������� ��������p����

PGC Sh-� 5'-�G��CC�GC�GCTG���GT-3' TTC��G�G� 144-163
 Sh-b 5'-GCTGC�TC�GTC���C�CC-3' TTC��G�G� 249-268
 Sh-� 5'-�GCTG���C��CGC��GCT-3' TTC��G�G� 380-399
 pG-N������� 5'-GGCTGCGC�TTGCC�T���-3' TTC��G�G� -

Table III. The primer sequences for semi-quantative PCR 
detection.

G��� P����� P����� ��qu�����

G�PDH G ����-F 5'-�G��GGCTGGGGCTC�TTTG-3'
 G ����-R 5'-�GGGGCC�TCC�C�GTCTTC-3'

X�GE-1b 1b-S 5'-T�CTG�G�C�CGGCGG�C-3'
 1b-�S 5'-TTCC�TGTCGCGC�CTG-3'
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nu nude mice. The condition of tumor and tumorigenesis 
���� w�� �b������ ��� ��������, �h� ���� ��� �h��� ����-
���� �f �u��� w��� ����u��� �f��� ����u������ ����� �h��� 
days during the first two weeks and every other day during 
the third to the forth week. The formula for calculating 
�h� �u��� �� 1/2�b2, � b���� �h� ��x��u� �������� ��� 
b the minimum diameter of tumor. The nude mice were 
photographed and the growth curve was drawn. The mice 
were sacrificed 4 weeks later and photographed again, and 
w���h��, ��� ��� w��� ���������, ��� �u��� ����u�� w��� 
removed. The tumor and lung tissues with formalin-fixed 
��� p���ff��-��b����� w��� p�������� f�� ������f������� 
of RNA and DNA.

H&E and IHC staining of the tumor lung tissue, and the 
microvessel density. H&E ��������: ��� �h� �u��� ����u�� 
were fixed in formalin and embedded in paraffin. Sections 
(5 µm thick) were obtained and used for H&E staining. 
Each section was photographed at x200 magnification. IHC 
��������: ������� ��������� w�� p��f����� �� �u��� ����u� �f 
�h� X�GE-1b �ub�u�����u� �xp������� ���up w��h f�������-
fixed and paraffin-embedded, and stained with the antibody 

XAGE-1. Follow-up staining of the sections were performed 
by the Ultra Sensitive S-P kit Goat system and photographed at 
x200 and x400 magnification, respectively.

C�u����� �f �h� ����������� ������� �f �h� �u���: �h� 
�u��� ����u� ������ w��� ������� b� IHC w��h ����b��� CD31 
(Zhongshan Co., Beijing, China), and there are specific 
���-b��w� p�������� p����p������ �� �h� �u�f��� �f ����u��� 
endothelial cells. Five different levels were stained, and two 
����� �� x200 �����f������� w��� �������� �������� ��� 
photographed. The number of the stained microvessels and the 
average number of the microvessels in five levels represent the 
microvessel density of tumor tissue.

Statistical analysis. Data are presented as the means ± SD. 
Mu���p�� ���up ���p������� w��� �����z�� b� ���-w�� 
ANOVA after Bonferroni's correction. Non-parametric data 
b��w��� �w� ���up� w�� ���pu��� b� Ch�-�qu��� ���� �� F��h�� 
Exact test. The difference of two groups was determined by 
Student's t-test. A P-value of <0.05 was considered statistically 
significant.

Results

Promotion effects on the proliferation of ACC-2 cells with 
XAGE-1b overexpression in vivo and in vitro. Th� �xp������� 
������, ����u���� pE-Xb ��� pEGFP-Xb-GFP �f X�GE-1b, 
��� �h� ��p�� ������ pE-N������� w��� �����f����� ���� 
ACC-2 cells. There are two monoclones after transfection with 
pEGFP-Xb-GFP wh��h �xp������ �h� fu���� p������ �f GFP 
and XAGE-1b. The green fluorescence focused in the nucleus 
w��h �h� ������bu���� �f ����� p�����, ��� �h� ��������� 
�CC-2-pE-N�������, �b������ f��� �CC-2 ����� �����f����� 
with the empty vector as the negative control. The monoclonal 
cell lines express green fluorescence protein stably and the 
positive rate reaches 93% (Fig. 1).

Th� ���b�� ���� ������ w��� �b������ b� G418 ��������� 
after pE-Xb transfection. The nineteenth stable expression 
����� �h�w�� �h� ��x��u� ���u� b���� �� X�GE-1b �xp���-
���� b� w������ b��� ����� ��� w�� ����� �CC-2-Xb-19 
(Fig. 2A, upper image). The residual G418-resistant cells 

Table IV. The groups of subcutaneous tumorigenesis of the nude mice in vivo.

G��up� C��� ����� Nu�b�� �f �h� �u�� ���� ���u�� �f ����

�CC-2 ���� �ub�u�����u�  �CC-2-Xb-19 5 1x106

 �CC-2-Xb-M 5 1x106

 �CC-2-pE-N�������  5 1x106

 �CC-2 5 1x106

�CC-M ���� �ub�u�����u�  �CC-M-pG-Sh-� 4 1x106

 �CC-M-pG-N������� 4 1x106

 �CC-M  4 1x106

�CC-2 ���� ���� ����  �CC-2-Xb-19 6 1x106

 �CC-2-Xb-M  6 1x106

 �CC-2-pE-N�������  6 1x106

 �CC-2 6 1x106

Figure 1. The stable cells screened after the transfection applying with 
pEGFP-Xb-GFP and pE-Negative vectors. (A and B) Two stable XAGE-
1b-GFP fu���� p������ �xp������� ������ w��h G418 ��������� ��� ��� 
distribution in the nucleus. (C) The stable clone was named ACC-2-pE-N 
after the pE-Negative vector transfection and with the positive rate of 93%.
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w��h�u� ������� w��� ������u�u��� �u��u��� ��� ����� �CC-2-
Xb-M. XAGE-1b expression in the cell lines is different by 
�h� ����-qu���������� RT-PCT �����, ��� X�GE-1b �xp������� 
�� �CC-2-Xb-19 �� ��x���� ����� �h� ���� �����, X�GE-1b 
expression in ACC-2-pE-Negative is minimal (Fig. 2A, lower 
�����), ��� �h� �xp������� �� �CC-2-Xb-M �� �� b��w��� 
the two groups. The above three cell lines and ACC-2 cells 
w��� �pp���� f�� ��u����� �h� p����f������� in vivo ��� in vitro. 
B���� �� �h� MTT �����, �h� �u�b�� �f �CC-2-Xb-19 ����� 

��������� ������� ���p���� w��h �CC-2-pE-N������� �f��� 
two days of culture (p<0.01, Fig. 2B). The number of mixed 
�xp������� �CC-2-Xb-M ����� �h�w�� �h� ��ff������ �� �h� 
negative control at the beginning of the fourth day (p<0.05, 
Fig. 2B). There are differences among the three cell lines of 
�h� ������� �u�b��, ��� �h� �u�b�� �f �CC-2-Xb-19 �� ������ 
two times that of the negative control (Fig. 2C).

Th� �ff���� �f X�GE-1b �� �h� �ub�u�����u� �u��� 
�� �CC-2 ����� w��� �������� in vivo of the nude mice. All 

Figure 2. The effect on ACC-2 cell proliferation in vitro ��� �h� �ub�u�����u� p����f������� in vivo of the nude mice with XAGE-1b overexpression. (A) The 
results of western blotting and RT-PCR assay. The upper image is the amounts of XAGE-1b protein expression with pE-Xb and pE-Negative plasmid trans-
fection, respectively. Mock named ACC2-pE-N represents the stable cells after empty vector transfection. The number 3, 6, 8, 10, 13, 14, 17 and 19 represent 
the cells with the stable XAGE-1b expression, respectively. The number 19 clone named ACC2-Xb-19 showed the highest expression level. GAPDH is the 
control of the total protein. The lower image is RNA semi-quantitative result of ACC2-pE-N, ACC2-Xb-19 and ACC2-Xb-M with G418 resistance after 
screening. (B) The results of MTT originated from three independent experiments and three wells each time. (C) The results of the different clones. (D) The 
tumor growth curves. Tumor volume is calculated according to the formula 1/2ab2, � �� �h� ��x��u� �������� ��� b �� �h� �����u� �������� (���� ± SD, 
n=5). (E) The comparison of the tumor volume (mean ± SD, n=5). (F) The comparison of the tumor weight (mean ± SD, n=5). *R�p������� �h� ���p������ 
between ACC2-Xb-19 and ACC2-pE-N. #R�p������� �h� ���p������ b��w��� �CC2-Xb-M ��� �CC2-pE-N, *#, P<0.05, **##, P<0.01.
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����� w��h �h� ��u��� �f 1x106, ����u���� �CC-2-Xb-19, 
�CC-2-Xb-M, �CC-2-pE-N������� ��� �CC-2, w��� 
injected s.c. into the left back of mice, and the mice were 
observed and measured once every three days. The tumors 
f����� �� �CC-2-Xb-19 ��� �CC-2-Xb-M ���up� ���w 
��p���� ���p���� w��h �CC-2-pE-N������� ��� �CC-2 �� 
�h� b�������� �f �h� f�u������h ���, ��� �h� ���u��� �h�w�� 
the difference among the cell lines (Fig. 2D). We found that 
�h� ������� �u��� ���u�� �f �CC-2-Xb-19, ��� �CC-2-

Xb-M, w�� 4-8 ����� h��h�� �h�� �h� ��h�� �w� ���up�, �h� 
ACC-2-pE-Negative and ACC-2 groups (Fig. 2E), and the 
tumors weight was ~7-11 times that of the control (Fig. 2F). 
The mice were sacrificed three or four weeks later and the 
�u��� ����u�� w��� w���h�� w��h ������ ��� ph������ph�� �� 
detail (Fig. 3A). H&E staining of tumor tissues confirmed t 
the typical histological features of ACC (Fig. 3B). XAGE-1b 
p������ w��h IHC �������� 2w�� �xp������ �u�h �������� �� 
ACC-2-Xb-19 and ACC-2-Xb-M cells (Fig. 3C). The average 

Figure 3. The subcutaneous tumor growth of ACC-2 cells with XAGE-1b overexpression in the nude mice. (A) Subcutaneous tumor growth in different 
���up�, ����u���� �CC2, �CC2-pE-N, �CC2-Xb-19 ��� �CC2-Xb-M (�=5), ��� �h� ����� b�� �h��������z��� �h� �u��� ��z� �� �h� ����� �f 1 �� �� �h� ��w�� 
right corner. (B) H&E staining of tumors (x200). (C) IHC staining of XAGE-1b protein in the tumor. Left, positive staining with XAGE-1b antibody; right, 
negative control staining with the second XAGE-1b antibody. (D) Subcutaneous tumor vascularization in ACC2-pE-N cells. The blood vessel number is the 
average value from two fields at x200 magnification of one selected from five random sample slices and with the significant difference between the two groups. 
(*P<0.05). (E) A typical stained map of blood vessels from the tumor tissues in ACC2-Xb-19 and ACC2-pE-N group, respectively.
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MVD of a tumor is 19.8±5.57/field and it is higher than the 
control, 10.75±1.15/field (p<0.05, Fig. 3D and E). At x640 
magnification it is very clear that XAGE-1b staining focused 
in the nucleus. We detected the CD31 staining and calculated 

�h� ����������� ������� (MVD) �f �u��� ����u�� �� ���h ���up 
�� ����f� �h� ����������� �f ��h�������� b��w��� �u�������-
esis and angiogenesis (Fig. 4).

Promotion effects on the transmembrane invasion in vitro 
and metastasis in vivo of nude mice with XAGE-1b overex-
pression. We detected the transmembrane ability of ACC-2 
����� w��h X�GE-1b p������ �xp������� ��� ��h�� ����� b� � 
kit simulating transendothelium stroma to verify the hypo-
�h���� �f �u��� ���������� p�������� �f �CC w��h X�GE-1b 
overexpression. The standard curve was drawn to reflect the 
����������� b��w��� �h� ���u��� �f ��������b���� ����� 
and the fluorescence intensity (Fig. 5A). Cells of four groups 
were inoculated in three wells, respectively. The amount of 
��������b���� ����� �� �CC-2-Xb-19 �� �h��� ����� �h�� �f 
ACC-2 (p<0.01, Fig. 5B) and the amounts of transmembrane 
cells in ACC-2-Xb-M is ~1.5 times that of ACC-2 (p<0.01, 
Fig. 5B). There is no significant difference between ACC-2-
pE-Negative and ACC-2. The data showed that XAGE-1b 
�����xp������� p������� �h� �������� �b����� �f �CC-2 ����� 
in vitro.

We established the nude mouse model of lung mestastasis 
�� ��u�� �h� �b����� �f �������� ��� ���������� p������� b� 
X�GE-1b in vivo ��� ������ �h� h�p��h���� �pp����� �h� 
metastasis rate analysis. All cells, including ACC-2-Xb-19, 

Figure 4. IHC staining of XAGE-1 protein in tumorigenesis originated 
from ACC-pE-M cells. Primary antibody diluted 100 times and 200 times, 
respectively. M, tumorigenesis of ACC-pE-dM cells; N, the control group of 
tumorigenesis of ACC-pE-N cells.

Figure 5. The effect on the transmembrane ability of ACC-2 cells and the lung migration of the nude mice with XAGE-1b overexpression. (A) The standard 
curve representing the correlation between the transmembrane cell number and relative fluorescence units (RFU). (B) The comparison of the transmembrane 
����� ����u����� f��� �h� �������� �u��� (**P<0.01). (C) The evident lung tumor nodules of the nude mice in ACC2-Xb-19 and ACC2-Xb-M group are shown 
in the first and second line, no tumor nodules were observed in the control group. H&E staining of tumor tissues are shown in the third line. The tumor tissues 
show the typical characteristics of ACC in ACC2-Xb-19 and ACC2-Xb-M group, but no tumor nodules in the negative group. IHC staining of XAGE-1b protein 
with lung metastases is shown in the fourth line. IHC staining of the negative control is shown in the last line.
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�CC-2-Xb-M ��� �CC-2-pE-N�������, w��� ��j����� 
into the tail vein of the nude mice. The nude mice were 
sacrificed 56 days later, and the lungs were dissected. 
Th� ������� �u��� ���u��� w��� �b������ �� �h� �u�� �f 
�w� ���� �� �CC-2-Xb-19 ��� ��� �� �CC-2-Xb-M, bu� 
there are no nodules in the control (Fig. 5C, the first and 
second line). The average metastasis rate was calculated 
according to the PCR results. The lung migration based 
�� �h� �����u��� ����� ��u�� b� �������� wh��h�� �h��� 
w�� ��� ���u���z�� �u��� ���u��� �� ��� �� �CC-2-Xb-19 
��� �CC-2-Xb-M, ��� �h� ������� ���������� ���� w�� 
0.0475±0.114 (n=6) and 0.0223±0.0491 (n=5), respectively. 
Th��� w�� �� ��������� �� �h� ������� ���up �f �CC-2-pE-
N�������, �h�� �� �� ���, �h��� w�� �� hu��� ���� �� �h� 
�u�� ����u� �f �u�� ����, ��� �h� ������� ��������� ���� 
was ~0.0119±0.0251. The nodules formed in the lung of 
�CC-2-Xb-19 ��� �CC-2-Xb-M w��� ���f����� �� b� �f 
�h� ��p���� �u��� ����u� f���u��� �f �CC b� H&E �������� 
(Fig. 5C, the third line), and it proved the XAGE-1b protein 
expression in the lung migration by IHC staining (Fig. 5C, 
the forth and fifth line).

Inhibition of proliferation in vitro and nude mouse subcuta-
neous tumors of ACC-M cells with interference of XAGE-1b 
expression. We detected RNA interfering effects on the 
exogenous expression of green fluorescence fusion protein 
by several candidate vectors. RNA interfering effects 
w��� �b������ �h��u�h ��-�����f������ 293T ����� w��h 
pG-Sh-�, b, � ��� pEGFP-Xb-GFP ������, L�p�f�������� 
2000 ���up w�� �������� �� �h� ������� w��h�u� �����f��-
����, pG-N������� ��� pG-P������� ������ �����f����� GFP 
���up� w��� �������� �� �h� p������� ��� �������� ������� 
group co-transfecting with pEGFP-XAGE-GFP vector. The 
results were observed through the fluorescence microscopy 
and photographed 36 h later (Fig. 6). When the interference 
with the targeting plasmid ratio is 4:1 and 10:1, the fluores-
����� ��������� �f pG-Sh-� ���up w�� �b������ �� �������� 
������� ����� �� �h� p������� ������� ���up �����, pG-Sh-b 
���up ��������� ��������� bu� �� ���� �h�� pG-Sh-� ���up 
and pG-Sh-c groups, the green fluorescence expression is the 
same as negative pG-Negative.

I����f������ �� ��������u� �xp������� �f X�GE-1b �� 
SPC-A1 cells was studied in detail. Semi-quantitative RT-PCR 

Figure 6. The effects of the exogenous interference of shRNA expression vector against the XAGE-1b gene.
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w�� �pp���� ��� w� f�u�� �h�� X�GE-1b �xp������� �����f����� 
w��h �h� �����f����� ������ �h-�, ��� �h-b ��������� ��������� 
��� w�� ���� �h�� �h� �������� �������, ��p�� ������� ��� 
��-�����f����� ������ ���up, ��� �h� �����f����� �ff���� w��� 
not obvious in the sh-c group (Fig. 7A). For confirming the 
�����f������ ���� ��� ��������� �h� b��� �����f����� ������, w� 
qu������������ ��� ����u����� �h� �����f����� ���� b� ����-���� 
PCR method (Fig. 7B). The results showed that the interfer-
���� ���� �f �h-� ������ �� �h� h��h��� ����� �h��� ���up� ��� 
reach 94%, the others are 73.2% and 10% in the sh-b and sh-c 
group, respectively.

Th� pG-Sh-� ������ w�� �h���� �� ����b���h �h� ���b�� 
�����f����� ���� ������� f�� �h� h��h��� �����f������ ����, �h� 
�������� ������� ���up �f p������ pG-N������� w�� ���� 
screened. Because of the interfering plasmid with the red 
fluorescence protein and linearized operation before transfec-
tion, the expression of red fluorescence protein could be used 
f�� �h��������z��� �h� ����������� �f �h� �����f����� f������� 
��� �h� �u�����fu� �xp������� �f �h� �����f������ ��qu����, 
and the cell clones with the bright red fluorescence protein 
were chosen as the stable interfering cell strains. There are 
two resistance cell clones with 100% expression of red fluo-
�������� p������ �� ���h ���up ���p��������, ��� ��� w�� 
�h���� �� �h� u������� ���b�� ���� ������ ����� �CC-M-pG-
Sh-� ��� �CC-M-pG-N������� �� b� u��� f�� �h� �������h �� 
p����f������� in vitro ��� in vivo of nude mice (Fig. 8A). The 
p����f������� �f �CC-M-pG-Sh-� ����� w�� �b������ �� b� 
���� �h�� �CC-M-pG-N������� �� �h� b�������� �f �h� ������ 
��� ��� ���� �h�� �CC-M �� �h� b�������� �f �h� �h��� ��� 
according to the MTT assay (p<0.01, Fig. 8B). In the cloning 
��u��, �h� ���u�� �f ���� ������� �f �CC-M-pG-Sh-� �� ���� 
�h�� �CC-M-pG-N������� ��� �CC-M ���up, ��� �b�u� 75% 
of the control (Fig. 8C). The tumor volume in ACC-M-pG-Sh-a 

�� ���� �h�� �CC-M-pG-N������� ��� �CC-M ���up, ��� �h� 
growth began to slow at the beginning of the fifteenth day with 
the evident difference (Fig. 8D). The mouse weight in ACC-M-
pG-Sh-� �� 4-8 ����� ���� �h�� �h� �CC-M-pG-N������� ��� 
ACC-M groups (Fig. 8E) and the tumor volume is 7-11 times 
less than the control group (Fig. 8F).

Th� �ff���� �� �h� �b����� �f �ub�u�����u� �u���� w��h 
X�GE-1b �����f������ in vivo of nude mice was studied. Cells 
�� ��ff����� ���up�, ����u���� �CC-M-pG-Sh-� ��� �CC-M-
pG-N������� ��� �CC-M ���� �����, w��� �b������ w��h �h� 
above method (Fig. 9A). The tumors were found to give off the 
bright red fluorescence under the exogenous excitation when 
�w� ���� �f �CC-M-pG-N������� ���up w��� �b������ w��h 
live fluorescence before the sacrifice on day 24, it showed the 
���h�� ��u�� b� u��� f�� �h� qu���������� �f �u��� ���u�� 
and tracer of tumor cells (Fig. 9B). H&E staining displayed the 
characteristics of ACC (Fig. 9C) and it confirmed the differ-
ence of XAGE-1b expression by IHC staining (Fig. 9D). The 
microvessel density of the tumors was also calculated. The 
microvessel density of ACC-M-pG-Sh-a is 12.375±3.94, less 
than the value of 14.25±3.83 in ACC-M-pG-Negative group 
without significant statistical difference (Fig. 9E and F).

Discussion

N� ����� ���� f�� X�GE-1b �x���� �� ��� �� �u����������� 
of ACC. We found the negative effects on the proliferation 
ph�����p� �f �CC-M ���� ����� in vivo ��� in vitro w��h 
X�GE-1b ��w����u������, ��� �h� ���u��� �h�w�� �h�� 
X�GE-1b �����xp������� p������� �h� p����f������� �f 
�CC-2 ���� ����� in vivo ��� in vitro, ��� ��� �����xp���-
���� p������� �h� ��������b���� �������� �� �CC-2 ���� 
����� in vitro ��� �h� ���������� in vivo of nude mice. The 
p����f������� in vitro �f �CC-M ���� ����� ��� �ub�u�����u� 
�u���� �f �u�� ���� w�� ��h�b���� b� �����f������ w��h 
XAGE-1b expression. The results also showed ACC-2 cells 
w��h X�GE-1b �����xp������� p��������� ���� ��p�� �u��� 
���w�h ��� h��h�� �b����� �f ��������b���� �������� in vivo 
��� in vitro, and more angiogenesis. All the above results 
��������� �h�� X�GE-1b p������� ������������ �f �u��� 
directly or indirectly, and it may lead to migration.

S��� �������h��� h��� f�u�� ����� ����������� b��w��� 
�h� ����������� ������� (MVD) �f �CC ��� �h� �xp������� �f 
NF-κB, p65, �NOS ��� VEGF, ��� ����������� b��w��� �h� 
�u��� �����, ���u��, b���� ����u������ �����f��, ����p�� ��� 
the expression of the cell factor (22). The definite correla-
���� �������h b��w��� X�GE-1b ��� �CC ���� �� b� ���� 
progressively. The tumor growth of ACC-M strain slowed 
w��h �h� ���b�� �����f����� X�GE-1b in vivo ��� in vitro, ��� 
��������b���� �b����� ���� ��������� in vitro. However, the 
�u�� ���������� ���� ��� ��� ��p���� w��h X�GE-1b �����x-
p�������, �� ��� b� ��������� w��h ��w ���������� �� �CC-2 
cell lines. Thus, it did not change the background of low 
���������� �h��u�h �h������ ���� �xp�������, ��� �h� �h��� 
���� p����� f����w��� �h� ����u������ �f��� ��j������ �� ����h�� 
possible cause.

������������ �� ���� ��u���� f�� �h� p���������� ��� �����-
tasis of many types of human tumors. However, few studies 
h��� �x������ �h� ��p��������� �f �xp������� �f ������������-
related factors in salivary cancer. A recent study reported that 

Figure 7. The endogenous interference efficacy of the shRNA expression 
vector against XAGE-1b. (A) The interfering effects were identified by 
semi-quantitative RT-PCR. Lipo group, the blank cell control group with 
Lipofectamine 2000 and no plasmid; Blank, empty vector control group; N 
group, negative interfering control; sh-a, sh-b, sh-c: the interfering vector on 
the different position of XAGE-1b. (B) The interference effects were identi-
fied by quantitative PCR and performed in triplicate.
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b��h ����u��� �����h����� ���w�h f����� (VEGF) ��� b���� 
fibroblast growth factor are major angiogenesis factors in 
salivary gland tumors (8). In another study, loss of heterozy-
������ �� �h�������� 6q �� �CC ���������� w��h ��������� 
�xp������� �f �h���b��p�����-2, wh��h �� � p����� ��h�b���� 
of tumor angiogenesis (23). Furthermore, microvessel density 
wh��h w��� b� �pp���� �� �u� �������h �� ���������� �� b� � 
p��������� ��������� f�� �h� ��������� �f ������� ���������� 
in salivary ACC. These findings suggest that the angiogenic 

��������� p��hw��� �f �������� �CC ��� p�������� �h���p�u��� 
targets.

S������� �CC ���� ���� ��� ��� h��h�� ���������� �CC 
����� w��� u��� �� ����� ������� �� ������ �h� ���� 
expression alteration related to metastasis mechanism. The 
����������� �f ���������� ph�����p�� �h����� ��� �xp���-
���� ������ �f X�GE-1b ���� w�� fu��h�� ��������� b� u���� 
RT-PCR analysis (24). A poorly metastatic ACC-2 cell line 
��� h��h�� ���������� �CC-M ���� ���� w��� �������� �� �� 

Figure 8. The effects on the proliferation of ACC-M cells in vitro and in the nude mice with XAGE-1b interference. (A) C1 and C2 representing the two 
resistant cell clones with 100% expression of red fluorescent protein, respectively, and as the final stable cells, named the ACC-M-pG-Sh-a and ACC-M-pG-
Negative. (B) The results of MTT and performed in triplicate with three repeat wells per time (**P<0.01). (C) The results of cloning. (D) The tumor growth 
curves and representing the significant difference between ACCM-pG-Sh-a and empty vector group (*P<0.05). (E) The comparison of tumor weight (mean ± 
SD, �=3, **P<0.01). (F) The comparison of tumor volume (mean ± SD, n=3, **P<0.01).
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�xp��������� ����� �� ��u�� �� ���������� ���h����� 
procedures (25). A salivary ACC cell line ACC-2 and a 
h��h�� ���������� �������� �CC ����� �CC-M, wh��h w�� 
�������� f��� �CC-2 b� �h� ���b������� in vivo �����-
���� ��� ������� in vitro (26). Since ACC-2 and ACC-M 
share identical genetic background except for different 
���������� b�h�����, �� �� p���u��� �h�� �h� ��ff���������� 
�xp������ ����� �CC-2 ��� �CC-M ��� ���������� ������� 
�����, wh��h p��� ������ �� �������� ����� �� �h� p������-

sion of metastasis. We constructed a different vector for 
�xp������� ��ff����� ������ �f X�GE-1b ��� �b������ ��� 
�ff��� �� �h� p����f������� ��� ��������� �f��� �����f����� 
into ACC-2 and ACC-M cell lines. Particularly, cancer 
���� �������� ��� ���������� ��� �h� �������� p�������� �h�� 
��f��� �h� ���������� ph�����p� �f hu��� ������� ��� 
pose major impediments to treatment (27,28). Whereas the 
������p���� �f ���������� �h���p� �� ������������� f��u��� 
�� �h� ��h�b����� �f ������ ���� p����f�������, �h���p�u��� 

Figure 9. The subcutaneous tumor of ACC in the nude mice with XAGE-1b interference. (A) The subcutaneous tumor in nude mice (n=4) and the scale 
bar characterizing the tumor size as 1 cm is in the right corner. (B) The imaging of live animals. (C) H&E staining of the tumor tissues (x200). (D) IHC of 
XAGE-1b in tumor tissues. Left, normal staining control; right, negative control without primary antibody. (E) The comparison of the blood vessel number 
in tumor between ACCM-pG-Sh-a and ACCM-pG-Negative (P>0.05). (F) The typical tumor vascular staining of ACCM-pG-Sh-a and ACCM-pG-Negative 
group.
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���������� �������� ��w��� ��h�b����� �h� �p���� �f ������ 
����� f��� � p������ �u��� �� ��������� ����� ��� b� 
inhibited.

Th� ���u��� �� �h� �u����������� ���h����� �f �CC 
�h�w�� ����������� b��w��� ��� �u����������� ��� �h� �u������ 
�f �h�������� 6q, 9q ��� 17p �� �h� ������ �����, bu� �h��� 
is shortage of definite evidence (3). It was found that the differ-
��������� �� ��������� ������p���� �f �CC ��� b� ��������� 
with the point mutation of p53 (29,30). Interfering Skp2 can 
��h�b�� �h� p����f������� �f �CC w��h �h� p27 ��w����u��-
tion (31,32). The overexpression of downstream factor Ebp1 
�� �h� E�bB ��������� p��hw�� �f �CC-M ������ ��� �������� 
�h� p����f�������, ���h����� ��� ��������� in vitro (34). 
�20 ��� �������� �h� ������������ �f �CC-M ����� w��h 
��w����u������ �f �h� �xp������� �f NF-κB (33). Data on the 
�u����������� ���h����� �f �CC ��� ������ ��� �� ��p��� �� 
its high metastases exists. Some research has shown higher 
expression frequency of C-kit protein in ACC, and it leads to 
lower treatment efficiency of ACC with imatinib (a kind of 
tyrosine kinase inhibitor) (34). Although HER2 overexpression 
�� �CC h�� b��� �u�������, �� ��� ������� �� �CC w��h �h� 
HER2-target drug trastuzumab (35). It is important to study 
the mechanism of tumorigenesis and metastases of ACC.

We found that XAGE-1b is connected with the tumor 
���w�h ��� ���������� �� �CC �h��u�h �����xp������� ��� 
interference as one of the CTAs in the study. The mechanism 
�f ������ ��� �h� ����������� w��h ������������ ��� w���h� �f 
research progressively in the future.
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