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INTRODUCTION 

 
As evidenced by the 940,000 cases and 655,000 deaths 

worldwide per year, colon cancer is one of the most 
prominent diseases in the world (1). Within the United 
States alone, colon cancer has been linked to over 56,000 
deaths and is considered the second leading cause of cancer 
death (1).  

Colon cancer, or colorectal cancer, develops from the 
growth of adenomatous polyps in the colon due to 
mutations in the DNA of the gastrointestinal epithelial cells. 
The advancement of the formation of polyps in the colon 
results in cancer that has the ability to metastasize to 
adjacent organs, such as the liver.  

Currently 3 different forms of treatment are used in 
combination. Surgical removal of the cancerous growth is 
the primary treatment for colon cancer. Through the 
colectomy procedure, the cancerous mass is removed and 
the colon resected, restoring the original purpose of the 
colon. Colostomy surgery also excises the cancerous 
growth, but the colon is instead attached to the anterior 
abdominal wall due to the unrestricted and increased 
manifestation of the cancerous cells. Despite the 
advancements in surgery, approximately 40-50% of 
patients will relapse and require additional therapies and 
treatments (2). Subsequent applications of chemotherapy or 
radiation are used to treat metastasized cancer and prevent 
such tumor recurrence after surgery. These treatments 
stimulate cancer cells to enter apoptotic pathways, causing 
cell death in these targeted cells. There have been well-
documented cases of resistance to apoptotic stimuli. This 
resistance to chemotherapy and radiation could result from 
the over-expression of anti-apoptotic factors. These factors, 
such as survivin, are predominately expressed in cells of 
common human cancers. 

Cell division is coupled with checkpoints along the 
different stages of cell life. These checkpoints allow the 
prevention of the developments of abnormalities such as 
mutations, by inducing the abnormal cell to enter the 
apoptotic pathway. By this definition, apoptosis is a state 
of programmed cell death due to DNA damage or cellular 
aging. 
_____________________________ 
Rafal P. Witek, Xiaokui Zhang, Han Zongchao, Arun Srivastava, 
Chen Liu 

The balance between cell growth and checkpoints is an 
essential feature in preventing the development of any form 
of cancer (3). Failure of the induction of apoptosis in cells 
that contain abnormalities in the mitotic spindle, DNA 
structure, and mutations in oncogenes could result in 
increased resistance to chemotherapy and radiation (4, 5). 

There are two major apoptotic pathways. The extrinsic 
pathway involves extracellular inducers such as toxins, 
hormones and growth factors that induce cellular signals 
for apoptosis. The intrinsic pathway results in the 
mitochondrial release of cytochrome c and a caspase 
cascade that mediates cellular apoptosis (6, 7).  

Survivin is a protein belonging to the inhibitor of 
apoptosis protein (IAP) family and is an important 
regulator of the intrinsic apoptotic pathway (8). The 
survivin gene is located on chromosome 17, which encodes 
a 16.5 kD protein containing 142 amino acids and a 
Baculovirus IAP Repeat (BIR) (9). The survivin protein 
regulates the intrinsic apoptotic pathway by interfering 
with caspase-3, caspase-7, and caspase-9 activity (10). 
Also, the association of survivin with the cell cycle and 
mitotic spindle is consistent with the 40-fold increase in 
expression levels during the G2/M phase in HeLa cells (11). 
Its expression is upregulated in most human cancer cells, 
but undetectable or found at very low levels in normal 
adult tissues (10). 

The increased activity of survivin in cancer cells in 
contrast to normal somatic cells provides an ideal target for 
cancer treatment. Current research provides the technology 
to synthetically produce a 21-23 RNA nucleotide molecule 
that would be able to effectively inhibit specific gene 
expression by RNA interference (12, 13). This small 
interfering RNA (siRNA) disrupts the expression of a gene 
by down-regulating the desired target protein. The siRNA 
is designed by selecting target sequences from the RNA of 
a gene of interest. The sense and anti-sense templates are 
placed on both sides of a loop sequence in a plasmid DNA. 
The transcription of siRNA uses an RNA Polymerase III 
promoter (U6 or H1), which allows the transcription of 
short hairpin RNA. The single strand complementarily 
binds to the target mRNA and consequently down-
regulates targeted gene expression through the RNA-
induced silencing complex (RISC) 

The transfection of siRNA through plasmids is limited 
to in vitro use. In vivo delivery of siRNA may be 
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optimized through the use of a viral vector such as an 
adeno-associated virus (AAV). The adenovirus (AV) and 
the adeno-associated virus (AAV) have been used 
successfully for delivery in gene therapy. Examples of this 
include the successful delivery of a survivin mutant to 
breast cancer cells by using adenoviruses, resulting in 
apoptosis in cancerous cells and inhibited growth of tumors 
(14). 

We hypothesize that by introducing siRNA that 
specifically inhibits survivin expression, cancer cells will 
be more susceptible to apoptotic stimuli and ultimately 
result in apoptosis. A vector will be constructed with four 
targets of the survivin gene. These 4 targets will be 
analyzed for their efficacy in in-vitro down-regulation of 
survivin protein in cancerous cell lines. The optimal siRNA 
target will then be cloned into an adeno-associated virus 
(AAV) for further in vivo studies. The inhibition of 
colorectal carcinoma cells by siRNA survivin could prove 
to be a potential therapy for colon cancer. 

 
MATERIALS AND METHODS 

 
Materials 

 
The siRNA expression vector, pSilencer 3.0-H1 (Fig. 1), 

was ordered from Ambion, Inc (Austin, TX). The retroviral 
vector containing the shRNA-TERT, pSHAG-Magic2-
shTERT, was ordered from Open Biosystems (Huntsville, 
AL). All restriction endonucleases including Ecor I, Xho I, 
Hind III, Xba I, and BamH I was purchased through 
Promega Corp. (Madison, Wisconsin). Survivin 
monoclonal antibody was purchased from Santa Cruz 
Biotechnology Inc. (Santa Cruz, California). Lipofectin 
Transfection Reagent was obtained from Invitrogen Corp. 
(Carlsbad, California). Cell lines HT29, HCT 116, and 
Huh7.5 were stored by our department.  

 
 

 
Figure 1: siRNA mammalian expression vector used for 
Survivin siRNA ligation. 

 

Design and Construction of Survivin siRNA Expression 
Vector. The best possible target candidates for survivin 
siRNA were chosen by processing human survivin mRNA 
(NM001168) through the Ambion (Ambion, Inc; Austin, 
TX) siRNA Target Finder. Target sequences were limited 
to approximately 50% GC content. Four survivin DNA 
templates corresponding to the gene survivin were 
synthesized as following: survivin-67 sense, 5'-
GGACCACCGCATCTCTACA-3'; survivin-248 sense, 5'-
AGCATTCGTCCGGTTGCGC-3'; survivin-331 sense, 5'-
ACTGGACAGAGAAAGAGCC-3'; survivin - 401 sense, 
5' - ACTGCGAAGAAAGTGCGCC-3'. Using the selected 
target sequences, oligonucleotides will be designed using 
the same Ambion software and prepared for cloning into 
the siRNA expression vector pSilencer 3.0-H1.  

The siRNA survivin sequences are inserted between the 
restriction sites BamHI (496) and HindIII (557). Directly 
upstream of the siRNA sequence is the H1 Promoter, 
which is essential for the transcription process as provided 
by RNA Polymerase III. The vector pSilencer 3.0-H1 also 
has a region that confers ampicillin resistance, which will 
be exploited for purification and isolation of the expression 
vector. 
 Transformation of Survivin siRNA Expression Vector. 
The siRNA expression was transformed into DH5a 
bacterial cells. The transformation reactions were then 
plated on LB plates containing the antibiotic ampicillin and 
grown overnight at 37°C.  
 Sequencing and Purification of Survivin Expression 
Vector. Four colonies per target sequence were abraded, 
isolated, and purified using QIAprep Spin Miniprep Kit. 
Each of the colonies corresponding to the 4 survivin target 
sequences was kindly sequenced by Han Zongchao from 
Dr. Arun Srivastava's Lab. The following are the 
sequencing primers as provided by Ambion: M13-forward 
sequencing primer: 5'-GTTTTCCCAGTCACGAC-3'; 5'-
GAGTTAGCTCACTCATTAGGC-3'. After sequences 
were confirmed and verified that the clones contain the 
survivin target insert, the pSilencer plasmids were purified 
through QIAprep Spin Midiprep Kit. 

Western Blot. The HCT116 cell line was transfected 
with survivin siRNA and protein was extracted 72 after 
transfection. After purification of the protein, a Western 
blot analysis was performed to determine the most efficient 
siRNA survivin sequence that down-regulated the survivin 
protein in cancerous cell lines. Western Blot Analysis was 
kindly performed by Xiaokui Zhang.  

Transfection of Survivin and hTERT at Different 
Concentrations. Huh7.5 cell lines were grown to 
approximately 50% confluency a day prior to transfection. 
The cell lines were then transfected with the survivin 
siRNA molecule that was most efficient in down- 
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regulating survivin (survivin67). The concentrations at 
which transfection occurred were at 1 ug, 2 ug and 3 ug. 72 
hours after transfection, pictures were taken and cells were 
counted.  

The previously described protocol was applied to 
hTERT at the same concentrations as described above. 
Cells were counted after 72 hours from the start of the 
transfection.  

Co-Transfection of Survivin siRNA. Three cell lines 
(Huh7.5, HCT116, and HT29) were cultured to 
approximately 50% confluency the day prior to 
transfection. The cell lines were transfected with a negative 
plasmid, survivin-331 vector, hTERT vector, and both 
vectors, respectively. Pictures were taken and cells were 
counted 72 hours after transfection. 

Adeno-Associated Virus (AAV) packaging. The 
packaging of AAV requires approximately 800-1000 ug/ul 
of the AAV vector and two helper vectors (pHelper, 
pACG-2). Han Zhongchao kindly supplied the viral vectors 
from Dr. Arun Srivastava’s lab. The pSilencer3.0-H1 
containing the sur67 siRNA sequence and the H1 promoter 
were excised using the restriction enzymes EcorI and 
HindIII. This segment was then inserted into the pdsAAV-
EGFP between the restriction site Acc65I (1334), which is 
located directly downstream of the mutated ITR. The 
successful ligation of the sur67 sequence into the AAV 
vector was confirmed by restriction digest with BamH1, 
BamH1 with XbaI, and BamH1 w/ HindIII, respectively. 

The pHelper and pACG-2 vectors were also confirmed 
by restriction digest with the restriction enzymes ClaI and 
XmnI. After restriction digest was performed on all 3 
vectors, they were maxi-prepped and quantified for the 
concentration. The vectors were then sent to the UF core 
lab for further packaging of the virus for effective viral 
delivery.  

 
 
RESULTS 

 
Western Blot Analysis 
 

Western blot analysis was performed twice. In both 
experiments, survivin-67 limited the greatest amount of 
survivin protein expression in the HCT 116 cell line after 
72 hours post-transfection. The results in the HCT116 cell 
lines represent significant knockdown of the survivin 
protein expression by siRNA treatment. These results 
allowed us to discern that survivin-67 would be the best 
survivin target to introduce as a siRNA for gene therapy. 
The subsequent experiments after the Western blot was 
completed with survivin-67 as the only target for the 
siRNA.  

 
Figure 2: Western blot analysis of HCT116 cell lines transfected 
for 72 hours with survivin-67, 259, 331, 401, respectively 

 
 

 
Figure 3: Western blot analysis of HCT 116 cell lines 
transfected for 72 hours with survivin-331 (wells 1-3), survivin-
67 (wells 4-6), survivin-259 (wells 7-9), survivin-401 (10-12) 

 
Apoptotic Cell Death 

 
The results of Huh7.5 cells transfected with hTERT 

siRNA shows greater than a 50% decrease in cell viability 
in a dose dependent manner (Fig. 4a). Increasing 
concentrations of hTERT siRNA shows greater apoptotic 
response. Transfection of Huh7.5 cells with survivin 
siRNA shows a similar pattern in apoptotic response. 1 ug 
of survivin siRNA decreased cell viability by 
approximately 30%, while 2 ug and 4 ug of survivin 
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siRNA decreased cell viability by greater than 50% (Fig. 
3b). 

Huh7.5 and HT29 cell lines all decreased in cell 
viability in response to different treatments of siRNA (Fig. 
6c). Cotransfection of survivin and hTERT results in 
greater apoptotic response in HCT116 and HT29 cell lines. 
HCT116 cells displayed virtually no increase in cell death 
when treated with only survivin or hTERT, but decrease in 
cell viability was observed when cotransfected with 
survivin and hTERT. 

 
 

A. Transfection of Huh7.5 cells with 
hTERT - 72 hours
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B. Transfection of Huh7.5 cells with 
Survivin
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C. Transfection of Cell Lines with 
Survivin and hTERT Treatments
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Figure 4: a) Transfection of Huh7.5 cell lines with different 
concentrations of hTERT siRNA b) Transfection of Huh7.5 cell 
lines with different concentrations of survivin siRNA c) 
Transfection of Huh7.5, HCT116, and HT29 cell lines with 
different treatments of survivin siRNA, hTERT siRNA, and 
cotransfection of survivin and hTERT siRNA 

 
 
 
 

Adeno-Associated Virus (AAV) packaging 
 
Presented in Figure 5 are the vector maps for pdsAAV-

EGFP, pHelper, and pACG-2 paralleled with their 
corresponding restriction digests that confirm their identity. 
The confirmation of the viral vectors allows us to continue 
with AAV packaging for further use for in vivo studying. 

 

 
 

 
 

 
 

Figure 5: a) vector maps of pSilencer3.0-H1 with survivin67 
insert and ligation into pdsAAV-EGFP b) restriction digest of 
pdsAAV-sur67-EGFP with BamH1, BamH1 + XbaI, BamH1 + 
HindIII, respectively 
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Figure 6: a) Vector maps of pHelper and pACG-2 b) restriction 
digest of pHelper and pACG-2 (last two wells, respectively) with 
ClaI and XmnI. 

 
DISCUSSION 

 
Inhibition of survivin through RNA interference has 

provided the scientific community with new insight and 
prospective therapies to cancer treatment. The importance 
of targeting survivin stems from the identification that both 
are expressed in cancerous cells, but are limited in their 
expression in normal somatic cells.  

Current Western blot results have shown that survivin-
67 is the most effective siRNA treatment in inhibiting 
survivin protein expression. Experimental data provided 
evidence that RNA interference through siRNA survivin 
and hTERT was effective in inducing an apoptotic 
response in Huh7.5 and HT29 cell lines. Cotransfection of 
survivin and hTERT did produce an apoptotic response in 
HCT116 and HT29 cells, but the difference in 

cotransfection response was not distinguished enough from 
the independent treatments of survivin and hTERT. 

One problem that may present itself is the accuracy in 
using the HCT116 alone in defining the most efficient 
siRNA sequence for survivin. Despite the ability of 
survivin-67 siRNA to down-regulate the survivin protein in 
HCT116 cell lines, the transfection of survivin and/or 
hTERT proved to induce a very small response in 
apoptosis of the cells. It is suggested that the Huh7.5 and 
HT29 cell lines also be used to determine the most efficient 
siRNA sequence since the transfection of survivin and/or 
hTERT produced a drastic response in apoptosis.  

Future treatment could include such a therapy that 
would combine the efficacy of chemotherapy and the use 
of siRNA survivin to induce apoptosis in those cells that 
were initially resistant to radiation. One still must consider 
the in vivo results with the use of a mouse model and 
determine the best mode of delivery of AAV into the 
targeted region of the host. Even with the advancement of 
biomedical technology, one can envision small-interfering 
RNA and adeno-associated virus therapy to be novel 
treatments in the fight against cancer. The survivin AAV 
will hopefully open up new avenues for in vivo animal 
studies in order to determine the usefulness of survivin 
siRNA therapy against cancer.  
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