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Abstract: Objective: To observe the influence of RNA interference targeting against survivin gene on the biologi-
cal behaviors of human adenoid cystic cancer (ACC) cells and propose the action mechanism. Method: Specific 
siRNA (small interfering RNA) was constructed and transfected into ACC-2 cells using liposomes. The expressions 
of survivin and Caspase-3 in the transfected ACC-2 cells were detected by Western Blot and RT-PCR. Cell apoptosis 
was detected by transmission electron microscopy, TUNEL method and flow cytometry; ultrastructural changes and 
cell cycles were observed. Results: Recombinant siRNA interference plasmid specifically targeting against survivin 
gene was constructed successfully. Survivin protein expression in the transfected ACC-2 cells was downregulated 
significantly, while Caspase-3 protein and mRNA expressions were upregulated and cell proliferation was inhibited 
considerably. Conclusion: Recombinant siRNA interference plasmid inhibited survivin mRNA and protein expres-
sions at high efficiency, thereby inhibiting the proliferation of ACC cells.
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cycle

Introduction

Adenoid cystic cancer (ACC) of the salivary 
gland is a highly malignant and invasive tumor 
of the oral cavity and the maxillofacial region. A 
comprehensive approach is preferred for the 
treatment of ACC, but many problems are still 
unresolved. Since tumor occurrence and devel-
opment are associated with the activation of 
various oncogenes and the deactivation of 
tumor suppressor genes, the gene therapy tar-
geting at the key genes related to ACC offers 
hope.

Survivin gene was first discovered and isolated 
in 1997 by Ambrosini et al. [1] who used effec-
tor cell peptidase receptor 1 (EPR-1) cDNA for 
the hybrid screening in human genome library. 
As its name infers, Survivin can prolong cell 
survival. The distribution of survivin gene has 
high cell selectivity, and the expression is most-
ly seen in the embryos and most tumor tissues 
but rarely in fully differentiated normal tissues 
[2]. Survivin gene is widely expressed in lung 

cancer, breast cancer, colon cancer, gastric 
cancer, esophageal cancer and bladder cancer, 
and also highly expressed in ACC [3]. The high 
expression of survivin is associated with poor 
prognosis, high recurrence, drug tolerance and 
the reduction of apoptosis index [4]. In vitro 
experiments showed that survivin specifically 
inhibited the activity of Caspase-3, the down-
stream effector molecule in apoptosis, thereby 
inhibiting cell apoptosis [5, 6]. At present, sur-
vivin is the new diagnostic and treatment target 
under intensive research due to its tissue-spe-
cific distribution and unique role in apoptosis. 
Conventional chemotherapy and radiotherapy 
for ACC usually have poor outcomes and cause 
damage to normal cells near the tumors. RNA 
interference targeting against survivin gene 
possesses targeting property, specificity and 
safety in tumor treatment, which has already 
shown a good prospect in gastric cancer, pan-
creatic cancer and esophageal cancer [7-9]. We 
adopted RNA interference to silence survivin 
gene, discussed the influence on biological 
behaviors of ACC cells and proposed an action 
mechanism.
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Materials and methods

Construction and identification of siRNA eu-
karyotic expression vector targeting survivin

The DNA Oligo synthesized by Life Technologies 
was subjected to annealing to obtain small 
fragments and inserted into pGenesil-1 vector 
digested with BamH I and Hind III restriction 
enzymes. Thus recombinant plasmid expres-
sion siRNA was constructed. It was confirmed 
by sequencing that siRNA was correctly insert-
ed into the vector. Plasmid Mini Extraction Kit 
(Sigma, USA) was used to extract the plasmid.

Transfection and clone screening

pGenesil-shRNA-Survivi plasmid enveloped in 
liposomes was cultured in a CO2 incubator for 
15-18 min and placed into the cell culture flask. 
ACC-2 cell line was provided by Research Room 
of Cell Biology at West China Center of Medical 
Sciences of Sichuan University. After cell cul-
ture in a 5% CO2 incubator at 37°C for 8-10 h, 
the medium was replaced by RPMI 1640 con-
taining 10% fetal bovine serum (Gibcol, USA). At 
24 h after transfection, clone screening was 
performed by adding G418 (KeyGen, USA). 

Survivin mRNA expression in transfected ACC-
2 cells

RNA extraction was performed with the addi-
tion of TtriPure Isolation Reagent at room tem-
perature. Reverse transcription was performed 
using RT-PCR kit, and 8.0 μl of PCR product was 
subjected to 1.5% agarose gel electrophore- 
sis.

Survivin protein expression in transfected ACC-
2 cells

Into each cell culture flask 200 μl of lysis buffer 
containing PMSF was added to extract the pro-
teins. Changes of survivin protein expression 
were detected by Western Blot, and the protein 
standard curve was plotted. Protein content 
was determined by BCA assay. After SDS-PAGE, 
the proteins were transferred to membrane and 
sealed with 5% milk. The membrane was wa- 
shed with TBST three times at room tempera-
ture and added with super ECL detection re- 
agent. The results were observed on the gel 
imager. The molecular weight and optical den-
sity of the target bands were analyzed with gel 
image analysis system.

Detection of cell viability by MTT assay

Cells reaching the logarithmic growth phase 
were collected and added into the 96-well 
plate. For each plate, zero adjustment wells, 
control wells, and plasmid wells were set up, 
respectively. Three plates were conventionally 
cultured for 24 h, 48 h and 72, respectively, 
and 20 μl of MTT was added to further culture 
cells for 2 h. Then 150 μl of DMSO was added 
and the cells were incubated on a shaker at low 
speed for 19 min. OD value was measured at 
570 nm with a microplate reader.

Changes of ultrastructure and cell cycle

Cells reaching the logarithmic growth phase 
were observed under a transmission electron 
microscope. The apoptotic cells were labeled 
by TNEUL method. The cells were collected and 
fixed in 75% ethanol. Changes of cell cycle were 
detected by using flow cytometry at Children’s 
Hospital of Chongqing Medical University.

Statistical analysis

Data were expressed as mean ± standard devi-
ation (Mean ± SD), and statistical analysis was 
performed using SPSS software. t test was per-
formed with P<0.05 indicated significant diffe- 
rence.

Results

Sequencing and identification

Sequencing was performed by Sangon Biotech 
(Shanghai) Co., Ltd., and the sequences of re- 
combinant clones were obtained. The Survivin-
specific siRNA sequences were accurately con-
nected to pGenesil-1 vector and named siSur-
vivin-1, siSurvivin-2 and siSurvivin-3, respec- 
tively.

Identification of ACC-2 cellsafter transfection

The cells were observed under a fluorescen- 
ce microscope after transient transfection of 
siSurvivin with cationic liposome DOTAP. The 
transfected cells emitted green fluorescence 
as they co-expressed the green fluorescent 
proteins (Figure 1A).

Observation of clones under the fluorescence 
microscope after screening

After screening with G418, the cells were ob- 
served under a fluorescence microscope. ACC- 
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2 cells grew in clusters and single clones were 
formed. Through screening, 2-3 clones of ACC-2 
cells stably transfected with plasmid express-
ingsiSurvivin were obtained (Figure 1B).

Changes of mRNA expression in ACC-2 cells 
stably transfected with siSurvivin

Quantity One software was used to analyze the 
gray values of each band of Survivin mRNA and 
Caspase-3 mRNA in ACC-2 cells. The ratio of 
gray scale of each type of cells to that of β-actin 
was calculated. The results are shown in Figure 
2. It can be seen from Figure 2A that the sur-
vivin mRNA expression in positively transfected 

cells was lower than that in negatively trans-
fected cells. As seen in Figure 2B, Caspase-3 
mRNA expression in positively transfected cells 
was higher than that in negatively transfected 
cells.

Changes of protein expressions

Gray values of each band of survivin and 
Caspase-3 proteins in ACC-2 cells were ana-
lyzed using Quantity One software. The ratio of 
gray scale of each type of cells to that of β-actin 
was calculated. Total protein extraction was 
performed for cells transfected with siSurvivin 
plasmid. Expressions of survivin and Caspase-3 

Figure 1. A. Expression of green fluorescent proteins after transfection of ACC-2 cells with pGenesil-shRNA-siSur-
vivin-2 plasmid. B. Cloning of ACC-2 cells stably transfected with pGenesil-shRNA- siSurvivin-2 plasmid.

Figure 2. mRNA expression results by RT-PCR in different group. A. Survivin mRNA expression, 1: NT (non-trans-
fection); 2: Negative; 3: siSurvivin-1; 4: siSurvivin-2; 5: siSurvivin-3. B. Caspase-3 mRNA expression, 1: NT (non-
transfection); 2: Negative; 3: siSurvivin-1; 4: siSurvivin-2; 5: siSurvivin-3.
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proteins were detected by Western blot using 
specific antibodies to survivin and Caspase-3 
(Figure 3).

It can be seen from Figure 3A that survivin pro-
tein expression was obviously inhibited after 
transfection with β-actin, indicating effective 
interference on the protein level. However, the 
effect of interference varied from one plasmid 

Detection of cell proliferation activity

As shown by the experimental results, the cell 
proliferation activity was higher in the non-
transfection group and the negative control 
group. Transfection with siRNA plasmid caused 
the cell proliferation activity to decrease signifi-
cantly (Table 1, Figure 4).

Changes of ultrastructure and cell cycle

TEM images are shown in Figure 5. The cells in 
the non-transfection group showed polymor-
phism. The cell size varied, and the plasma 
membrane was covered with abundant micro-
villi. The cell nuclei were enlarged, and the cell 
organelles presented with no obvious swelling 
(Figure 5A). TEM images of the negative control 
group were similar as above (Figure 5B). For the 
siSurvivin-2 group, the microvilli-like protuber-
ances became thicker or even shed off. Mi- 
tochondrial swelling and cytoplasmic conden-
sation indicated signs of apoptosis (Figure 5C).

TUNEL assay results shown that no change in 
cell morphology and color in the control group. 
However in the siSurvivin-2 RNAi group, the 

Figure 3. Protein expression in different group. A: Survivin mRNA expression, 1: NT (non-transfection); 2: Negative; 
3: siSurvivin-1; 4: siSurvivin-2; 5: siSurvivin-3. B: Caspase-3 mRNA expression, 1: NT (non-transfection); 2: Negative; 
3: siSurvivin-1; 4: siSurvivin-2; 5: siSurvivin-3.

Table 1. OD values of cell Proliferation (Mean ± SD)
24 h 48 h 72 h

siSurvivin-2 0.213±0.009 0.249 ±0.017* 0.313±0.015*
Negative 0.232±0.017 0.326±0.029 0.515±0.017
NT 0.229±0.016 0.353±0.016 0.536±0.009
Compared to NT group, *p<0.05.

to another, and the best inhibition was 
achieved with siSurvivin-2. It can be seen 
from Figure 3B that Caspase-3 expression 
was greatly upregulated after transfection 
with siSurvivin. Like the situation with sur-
vivin protein, the best interference effect was 
also achieved with siSurvivin-2.

Figure 4. Cell proliferation activity.
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majority of cell nuclei were shrunken into a cir-
cular and uniform brown staining (Figure 6).

The detection of cell cycle is shown in Figure 7. 
After stable transfection, the proportion of cells 
arrested in G1 phase increased obviously, whi- 
le that of cells in S phase and G2/M phase 
decreased. This tendency coincided with the 
reduced cell proliferation.

Discussion

RNA interference (RNAi) is a biological process 
that achieves gene silencing through transfec-
tion with specific sequences in various species. 
Also an intracellular immune defense mecha-
nism, RNAi prevents the genome from the dam-
age of double-stranded RNA (dsRNA), thereby 
maintaining the relative stability of the genome. 
RNAi can be applied as a reverse genetics tech-
nique and occupies an important place in the 
studies of functional genes in the post-genom-
ics era [10]. Gene silencing induced by dsRNA 
was first discovered in 1995 when Guo and 

Kemphues [11] blocked the expression of parl 
gene in Caenorhabditis elegans by using anti-
sense RNA technique. They found that anti-
sense RNA inhibited parl gene expression, 
while positive-sense RNA had similar inhibitory 
effect. However, the two effects were mutually 
independent from each other and involved dif-
ferent mechanisms. RNAi that can be induced 
by dsRNA has high specificity and acts as a 
gene regulatory mechanism on the post-tran-
scriptional level [13]. Vectors expressing siRNA 
are mainly RNA polymerase III promoters, 
including human U6 promoter, H1 promoter, 
7SK promoter or mouse U6 promoter [14]. So- 
me researchers introduced RNA polymerase III 
promoters into shRNA expression vectors. The 
pGenesil-1 vector used in the present study is 
an optimized siRNA expression vector.

We performed molecular cloning to construct 
recombinant siRNA expression plasmid target-
ing 3 loci of the open reading frame of survivin 
gene. Sequence alignment showed that there 

Figure 5. Cell ultrastructure 
by electron micrographs in 
different group. A: Non-trans-
fection group; B: Negative 
control group; C: Transfected 
with pGenesil-shRNA- siSur-
vivin-2 plasmid.
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were no abnormalities or wrong bases. The 
clone of ACC-2 cells with silenced Survivin gene 
was selected. Detections showed that survivin 
mRNA and protein expressions were effectively 
inhibited by transfection with siSurvivin. The 
degree of gene silencing varied at different tar-
get loci in terms of mRNA and protein expres-
sions. siRNA expressions plasmid targeting No. 
2 locus had the highest inhibition rate on the 
survivin gene.

Two major types of genes, namely, oncogenes 
and tumor suppressor genes (or antioncoge- 
nes), are involved in tumor occurrence. In nor-
mal conditions, the two types of genes interact 
with each other, maintaining the normal growth, 
differentiation and apoptosis of cells. Once the 
oncogenes are activated or antioncogenes are 
deactivated, excess proliferation, differentia-
tion and abnormal apoptosis of tumor cells ta- 
ke place, which may lead to tumors. We ob- 
served the ACC-2 cells at 24 h, 48 h and 72 h 
after transfection. Compared with the control 

group, the cells with survivin gene silenced had 
a more mild proliferation curve, indicating that 
tumor cell proliferation was effectively inhibited 
by the silencing of survivin gene. Microstru- 
ctures, organelles and morphological changes 
of the transfected ACC-2 cells were observed 
by transmission electron microscopy. Early mo- 
rphological changes during apoptosis include 
nuclear chromatin condensation and concen-
tration of chromatin near the nuclear mem-
brane. Then cytoplasmic condensation and pl- 
asma membrane blebbing occur, and the cell 
nuclei are disintegrated into fragments which 
are wrapped in cell membranes. Many vesicles 
and apoptotic bodies with intact membrane 
structures are formed in the cytoplasm [15]. 
These changes are different from those during 
cell necrosis which is usually accompanied by 
cell swelling, cell membrane rupture and cell 
disintegration. Our experiment showed that the 
cells underwent the above early morphological 
changes during apoptosis after stable transfec-
tion. Ben-Izhak O et al. [16] compared TUNEL 

Figure 6. TUNEL detection re-
sults in different group. A: Non-
transfection group; B: Negative 
control group; C: Transfected 
with pGenesil-shRNA- siSur-
vivin-2 plasmid.
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assay for pathological sections from 66 ca- 
ses with salivary gland cancers with detections 
of p53 and Ki67 expressions. They found that 
TUNEL assay was effective for pathological 
classification and diagnosis of tumor metasta-
sis. In our experiment, no morphological chang-
es were detected by TUNEL assay in the non-
transfection group and the negative control 
group, and the cells were not stained. In RNAi 
group, some cells were stained uniformly with 
brownish yellow. Thus after the silencing of sur-
vivin gene, more apoptotic ACC cells were in- 
duced compared with the model group, Cas- 
pase-3 normally exists in the cytoplasm as pro-
enzyme (32 KD) and is activated in early stage 
of apoptosis. The activated Caspase-3 consists 
of two large subunits (17 KD) and two small 
subunits (12 KD), and the two subunits consti-
tute the active form of Caspase-3. The cyto-
plasmic and nuclear substrate can be lysed by 
the activated Caspase-3, leading to cell apop-
tosis [17-19]. Caspase-3 is the most important 
terminal digestive enzyme in cell apoptosis and 
the key component in CTL-mediated cell death. 
Survivin blocks cell apoptosis induced by vari-
ous factors by inhibiting the activity of effectors 
Caspase-3 and Caspase-7 [20-23]. Some re- 
searchers found that the upregulation of sur-
vivin gene was significantly correlated with the 
reduction of Caspase-3 in liver cancer [24] and 

tongue squamous cell carcinoma [25]. The Ca- 
spase-3 mRNA and protein expressions in the 
tranfection group were obviously upregulated 
compared with the non-transfection group and 
the negative control. It is apparent that the acti-
vation of Caspase-3 by the transfection of 
siRNA targeting Survivin is the major cause of 
apoptosis of ACC cells. Thus survivin is a target 
gene for the treatment of ACC.

The cycle of duplication and division is known 
as the cell cycle (CC). Each CC consists of four 
phases successively: G1 interval, S phase (the 
phase of DNA synthesis), G2 interval, and M 
phase (the phase of mitosis). Cells not engaged 
in any of these phases are in Go phase (resting 
phase). CC is regulated by the check points [26-
27]. Survivin gene not only inhibits cell apopto-
sis, but also promotes mitosis [28, 29]. During 
cell division, survivin specifically acts in G2/M 
phase [30], promoting tumor cell proliferation 
and spread, which explains the periodicity of 
survivin gene expression. After silencing of sur-
vivin gene by RNAi, the proportion of cells ar- 
rested in G1 phase increased obviously, whi- 
le that of cells in S phase and G2/M phase 
decreased, which was consistent with the mild 
proliferation curve in MTT assay. This also coin-
cided with other in vitro experiments [31]. The 
downregulation of survivin gene inhibited the 

Figure 7. Cell cycle analysis re-
sults in different group. A: Non-
transfection group; B: Negative 
control group; C: Transfected 
with pGenesil-shRNA- siSur-
vivin-2 plasmid.
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proliferation of ACC cells by inhibiting mitosis. 
As fewer cells were in G2/M phase, the cells 
could not complete mitosis, and therefore the 
cell proliferation was inhibited.

We explored the strategy of silencing of survivin 
gene to inhibit the proliferation of ACC cells and 
probable mechanism. The findings shed new 
light into the development of RNAi-based drugs 
targeting ACC-related genes, thereby promoting 
the treatment of ACC.
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