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Abstract: 
Purpose: Breast Cancer is one of the leading causes of death for women in the United 
States. There are many different contributing factors of breast cancer. However, the 
estrogen hormone is one of the most commonly known attributions. Estrogen stimulation 
is known to regulate the apoptosis and proliferation of breast cancer cells. The aberrant 
expression of these genes may lead to estrogen-dependent breast cancer. Survivin is a 
member of the inhibitors of apoptosis (IAP) family. However, so far it is unclear that the 
Survivin expression is involved in estrogen-dependent breast cancer development. Our 
laboratories goal is to determine whether the Survivin gene is involved in estrogen 
regulated breast cancer. 
 
Method: Samples of breast cancer tissues and paired normal tissues were collected from 
Creighton University Medical Center. Conventional RT-PCR was then performed to 
detect its expression. Meanwhile, the Estrogen receptor (ER)-positive breast cancer cell 
line MCF-7 was cultured and treated with estradiol at a concentration of 10ng/ml. Next, 
total protein was extracted at 0, 12, 24, and 48 hours after stimulation, followed by 
western blot in order to detect the expression level of Survivin. Meanwhile, different 
concentrations of estradiol (10ng/ml, 20ng/ml, and 40ng/ml) were added in the medium, 
and total protein extraction was analyzed by western blot 48 hours after treatment. 
 
Result: Survivin was highly expressed in breast cancer tissue as well as in the MCF-7 cell 
line but it was not present in normal tissue. The expression of Survivin in estrogen 
stimulation was unchangeable at 48 hours treatment compared with the untreated group, 
and it did not demonstrate a dose-dependent level of Survivin gene induction among 
different concentrations. 
 
Conclusion: Survivin is involved in the apoptosis of breast cancer cells. However, our 
results show that it might not be hormone-dependent. The reason that Survivin was not 
changed by estradiol requires further investigation. 
 

 Background: 

 Breast cancer is the second leading cause of cancer death for American women, 

after lung cancer, and affects millions of lives around the world [1]. Breast Cancer 

alone accounts for 32% of all new cancer cases [2]. This year over 211,000 women in 

the United States will be diagnosed with breast cancer while 43,300 will die [3]. The 
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possibility that a woman will contract breast cancer in her lifetime is 1 in 8 [3]. 

However, the possibility that a woman’s cause of death will be breast cancer is 1 in 

33 [1]. Although it is very rare, men may also contract breast cancer. It is estimated 

that 1,600 cases of male breast cancer will be diagnosed this year in the United States 

and 400 will die [3]. Although the number of deaths by breast cancer is decreasing 

because of improved treatment, the number of people diagnosed with this disease 

continues to grow. Breast cancer is a serious issue in the United States because of the 

growing number of breast cancer cases each year. Judging from these statistics, it is 

obvious that breast cancer is a pressing problem in the United States and thus, a very 

important scientific research issue.  

 Although there are many causes of breast cancer, the most common factors are 

genetic and therefore unchangeable. These include being a woman, family history, 

previous history of breast cancer, genetic mutations, being Caucasian, menstrual 

irregularities, bearing the first child after the age of thirty, and advancing age [4]. 

However, some contributing aspects can be avoided; these include hormone 

replacement therapy, calorie intake, and excessive alcohol intake [4]. 

 There are several treatments available to suppress and potentially stop breast 

cancer cells from proliferation. These treatments include chemotherapy, radiation, 

lumpectomy followed by radiation, and mastectomy. Chemotherapy is a treatment 

that is systemic, meaning it affects the entire system by working throughout the 

bloodstream. The goal of this type of therapy is to destroy cancer cells that have 

metastasized, or spread, from the original source of cancer, to other areas of the body 

[5]. This treatment is effective because it targets rapidly dividing cells [5]. However, 
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patients will have side affects because cancer cells are not the only quickly dividing 

cells in the body. [5] Chemotherapy is popularly used after cancer has been removed 

or gone into remission, to ensure a patient that chances of cancer reoccurrence are 

lower [5]. 

  Radiation therapy is the use of high-energy radiation from x-rays, gamma rays, 

neutrons, and various other sources to minimize tumors and destroy cancer cells [6]. 

This therapy may be obtained from a source outside the body called external beam 

radiation therapy, or it may be implanted as radioactive material within the body [6]. 

Contrary to popular belief, this type of treatment is endurable and does not produce 

side-affects in any area outside of the cancerous region [7]. Lumpectomy is the 

removal of the tumor and a small amount of surrounding tissue or lymph nodes, 

instead of the entire breast [8]. Mastectomy, however, is the removal of the entire 

breast, the underarm lymph nodes, the lining of the chest muscles, and occasionally 

the chest muscles themselves [9]. 

 Many of the factors that can potentially cause breast cancer deal with an 

irregularity in the menstrual cycle. Beginning menstruation early, lack of an 

interruption in the menstrual cycle for childbirth before age thirty, and entering 

menopause late all have to deal with an overexposure to the hormone that is 

excessively produced during a woman’s menstrual cycle. This hormone is known as 

estrogen. Estrogen is primarily a female hormone that is produced mainly by the 

ovaries, travels through the bloodstream, and eventually binds to its specific receptor 

sites (typically found in the breast, bones, heart, uterus, and ovaries). After binding to 

these estrogen target tissues, this messenger hormone signals the cells to proliferate. 
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Particularly during a woman’s menstrual cycle, estrogen targets breast cells to 

multiply, thus increasing the chance of the cell replicating its DNA incorrectly. The 

creation of a mutated gene inside a persons DNA caused by the rapid division of the 

cells in the breast is essentially the beginning of breast cancer. In addition, although 

the molecular mechanism of the development of breast cancer is largely unknown, the 

effect of estrogen on the tumorigenesis of breast cancer cells has been well 

established. It is recognized that the anti-apoptotic action of estrogen may also 

contribute to the promotion of breast cancer. However, the precise mechanism 

underlying the affects of estrogen and the induction of the apoptosis conduct pathway 

is unknown so far. It is for these reasons that scientists are studying estrogen’s affect 

on several different genes that are prominently expressed in the estrogen targeted 

breast cancer tissue.  

 Several genes are distinctly and commonly expressed in breast cancer.  Some 

frequently discussed are BRCA1, BRCA2, BRCA3, p53, and Ras. However, our 

laboratory is focusing on the prominently expressed gene, Survivin. Survivin is a 

member of the inhibitors of apoptosis (IAP) family [10]. Apoptosis, briefly defined, is 

programmed cell death [11], commonly called “cell suicide” . Eight members of the 

IAP family have been identified so far [12]. These members include c-IAP1, c-IAP2, 

XIAP, NAIP, survivin, apollon, ML-IAP/livin, and ILP-2 [12]. Each of these genes 

suppresses the caspases, executers of apoptosis [13]. However, Survivin is 

distinguishable from the other genes because it is homodimerized in solution, 

undetectable in normal adult tissues, strongly expressed in human cancers, the 

smallest in the family, its expression is regulated by cell-cycles, and it is thought to be 
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involved in both the inhibition of apoptosis and the regulation of cell division while 

the other members of the IAP family only obtain one or two of these properties [12].  

 In general, tissue homeostasis is the result of a fine balance between cell 

proliferation and apoptosis. Disordered regulatory apoptosis plays an important role in 

tumorigenesis. Several proteins that inhibit apoptosis have been identified, such as some 

members of bcl-2, HSP (Heat Shock Protein), and IAP (Inhibitors of Apoptosis Protein). 

The IAP gene family controls a downstream step in cell death by suppressing the activity 

of the caspases. Survivin is selectively expressed in breast cancer [14] and it was reported 

that survivin is upregulated by estradiol stimulation [15] using cDNA array analysis. 

Estradiol is the most prominently found type of estrogen in the body. 

In this study, we investigated whether the over-expression of survivin in breast 

cancer is related to estradiol stimulation, aimed to gain insight of the hormonal regulation 

of apoptosis in breast cells. First, we needed to make sure that survivin is expressed in 

cancer tissue, the paired normal tissue, and the breast cancer cell line MCF-7. Secondly, 

we cultured the MCF-7 cell line and treated it with Estradiol, then investigated whether 

the expression of survivin was regulated by estradiol stimulation in a time-dependent and 

dose-dependent manner. 

 
Mater ials and Methods: 

Cell Culture and estradiol stimulation  
The MCF-7 breast cancer cell line was maintained in IMEM medium 

supplemented with 10% calf serum at 37OC, in a humidified atmosphere containing 5% 

CO2. Four days before Estradiol treatment, the cells were switched to phenol red free 

IMEM containing 5% charcoal-dextran treated calf serum. The detailed cell culture 

technique is in Appendix 1. 
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Conventional RT-PCR 
The tissue samples used in this study were obtained from patients who had 

been admitted to the Department of Surgery at Creighton University Medical Center. 

Total RNA was extracted from the breast cancer tissue by using the Tri reagent. The 

RNA sample was then dissolved in RNase-free water. RNA was stored at 80°C until use 

for RT-PCR. 1ug RNA was reverse transcribed by Advantage RT-for-PCR Kit  in a 

reaction volume of 20� l (2 min at 70°C, 60 min at 42°C, and 5 min at 94°C).  

25 µl of PCR mixture contained 2 µl of cDNA reaction mixture, 1×PCR buffer, 200 

µMdNTP, and 0.2 µM of each primer and 2.5 units of Taq polymerase. The PCR 

procedure was as follows: 95 �C for 15 min, 34 cycles of 94 �C for 30 s, 55 �C for 30 s, 72 

�C for 1 min, followed by one cycle at 72 �C for 10 min. The following primers were used 

for PCR:  survivin  forward 5’ -TTTCTCAAGGACCACCGCATCTCT-3’ , and  reverse  

5’ -CGCACTTTCTTCGCAGTTTCCTCA-3 � -Actin forward 5’ -

CTGGAACGGTGAAGGTGACA–3’and reverse 5’ - AAGGGACTTCCT GTAACAAT 

GCA -3’ . The PCR products were identified first onto 1.5% Ethidum Bromide agarose 

gel and photographed. 

Western blot 
The MCF-7 cells were washed in ice-cold PBS and lysed in buffer using standard 

methods. The equalized protein was separated in 0.1%SDS, 10% polyacrylamide gels, 

and transferred onto a nitro-cellulose membrane. The membranes were blocked for 1 h at 

room temperature and incubated overnight at 4OC with the mouse anti-survivin antibody. 

This was followed by incubation with sheep anti-mouse second antibody conjugated to 

horseradish peroxides for 60 minutes, washed 4 times with PBS, and developed with 

enhanced chemiluminescence reagents. Detailed technique of western blot can be found 
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in Appendix 2 

Result 

Conventional RT-PCR 

As figure 1 shown, survivin was expressed in breast cancer tissue but not expressed in 
normal tissue. The PCR product of survivin in our research is 359 bp (base pair). Survivin 
is also positively expressed in the MCF-7 cell line (data not shown). 
  

   
     1    2    3      4    5 

Fig 1. Survivin expression in breast cancer tissue and paired normal tissue. 
(1) 100bp Marker   (2) Survivin expression in breast cancer tissue (3) Survivin 
expression in normal tissue (4) � -Actin expression in breast cancer tissue (5) � -Actin 
expression in normal tissue  

 
2. Western blot after estradiol stimulation 
 As figure 2 and figure 3 show, estradiol stimulation did not upregulate or 
 downregulate the expression of survivin in time or dose dependent way. 
 
 

                         

                            < GAPDH survivin expression 
                                1             2             3                4 

Fig 2 Effect of Estradiol on the survivin gene 12, 24 and 48 hours after stimulation  
(1) untreated   (2) 12 hours   (3) 24hours   (4) 48hours 
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                            < GAPDH survivin expression        
                            1            2             3             4 
       Fig 3 Effect of Estradiol at different concentration in on survivin gene expressed in MCF-7 
(1) 0nM (2) 10nM (3) 20nM (4) 40nM 

Discussion 
In this study, we first detected the survivin expression in breast cancer and 

normal tissue by conventional RT-PCR. Our result showed that survivin was positively 

expressed in breast cancer but not present in the paired normal tissue. The positive rate 

and the relationship of expression to the clinicopathological factor are still under 

investigation in our research group. Based on the high expression of the survivin gene in 

breast cancer, we are trying to determine whether the survivin gene is regulated by 

estradiol stimulation.  

It is well known that the regulation of apoptosis is under the influence of a 

large set of genes, most of them are pro-apoptotic and very few anti-apoptotic. Among 

the anti-apoptotic genes, the bcl-2 gene has been associated with the development of 

breast cancer and ER status[16]. However, there are very few studies regarding the 

implication of the survivin gene following estradiol stimulation. In our study, the result 

showed that the survivin gene is not upregulated or downregulated by estradiol in a time-

dependant or a dose-dependent manner. This result was not consistent with recent 

reported in which survivin was upregulated by estradiol [15] The concentration of estradiol 

stimulation was the exact same, but the detection method used was cDNA array and it 

just detected the RNA level. Considering the limitation of cDNA array, real time PCR or 

Northern blot should be performed to verify the result. 

In conclusion, our results demonstrate that the expression of survivin is not 
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regulated by estradiol stimulation. Further studies should be performed to investigate 

whether estradiol can change other ER (+) positive breast cancer cells, and if the same 

result is found, we need to investigate why some anti-apoptotic genes were changed 

while others were unchanged. 
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Appendix 1: Cell culture 

���

 Thawing frozen breast cell line MCF-7: Remove a vial of frozen cells from liquid 
nitrogen, and place in beaker containing 37O water until fully thawed. Wash the 
outside of the vial with 70% ethanol or another disinfectant. Pre-warm a suitable 
amount of medium to 37OC in a flask or Petri dish. Slowly take the supernatant out 
then add 5 ml fresh medium and pipette the cell suspension into the pre-warmed 
medium. Mix during addition of the cells to the medium. 

���

 Passage MCF-7: Sanitize the hood using 70% ethanol before commencing work. Put 
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all materials and equipment into the hood prior to starting work after sanitizing the 
exterior surfaces with 70% ethanol. While working do not contaminate gloves by 
touching anything outside the cabinet If gloves become contaminated sterilize with 
70% ethanol before proceeding. Discard gloves after handling cultures and at the end 
of all cell culture procedures. Equipment in the hood or that which will be taken into 
the cabinet during cell culture procedures should be wiped with tissue soaked with 
70% ethanol prior to use. Movement within and immediately outside the cabinet must 
not be rapid. Slow movement will allow the air within the cabinet to circulate 
properly. Speech, sneezing and coughing must be directed away from the cabinet so 
as not to disrupt the airflow. After completing work, disinfect all equipment and 
material before removing from the cabinet. Spray the work surfaces inside the cabinet 
with 70% ethanol and wipe dry with tissue. Dispose of tissue by autoclaving. 
Periodically clean the cabinet surfaces with a disinfectant such as Presept, Tegador, 
Virkon, or fumigate the cabinet according to the manufacturer’s instructions. 
However, ensure that it is safe to fumigate your own laboratory environment due to 
the generation of gaseous formaldehyde, consult your on-site Health and Safety 
Advisor. 

���

 Freezing MCF-7: Check that cells are healthy, not contaminated, and have the correct 
morphological characteristics. Change the medium 24 hours before freezing the cells. 
trypsinize cells, re-suspend in medium containing serum, pellet cells by centrifugation 
at 200 x g for 5 min, and re-suspend cells in freezing medium at 3 x 106 to 5 x 106 
cells/ml. Transfer 1 ml of cells into freezing vial. Label vials with name of cell line 
and freezing date. Place freezing vials on canes and transfer to 4O,-20O and –80O 
freezer gradually. 

 Appendix 2: Western blot 
 

���

 Cell lysis- first remove the culture medium from the adherent cells. Next, add 
the correct amount of M-PER Reagent to the plate or each plate well. 
Remember to shake gently for five minutes. Then collect the lysate and insert it 
into a micro-centrifuge tube. Centrifuge the samples at ~14,000 x g for 5-10 
minutes until a pellet is formed from the cell debris. Finally, transfer the 
supernatant into a fresh tube for further analysis. �� Quantification of total protein- This process, also called Protein Assay, allows a 
researcher to calculate the amount of each protein to mix with distilled water 
and buffer for Gel Electrophoresis. First, create the dilution for the protein 
standards. After the dilutions are made, a careful scientist must test the 
standards by retrieving a micro-plate and inserting 10 µl of the highest standard 
concentration (.5) and the lowest standard concentration (.0625). Next, add 10 
µl of the diluted standards, and 200 µl of the diluted reagent concentrate (5-
fold dilution achieved by 8 ml of distilled water and 2 ml of Dry Reagent 
Concentrate). Next, label the lid of the well in the areas where you inserted 
these two dilutions to reduce chances of confusion. Then place the well inside 
the microplate reader. After ensuring that the standards are of the correct 
dilution, dilute all of the samples. After each is diluted with distilled water and 
Dry Reagent Concentrate, print off the O.D. values and proceed to 
electrophoresis. 
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�� Electrophoresis- Using the chart that was created by total protein 
quantification, mix the correct amount of the diluted protein samples with the 
calculated amount of water and 10 ml of buffer solution.  

Sample Chart: 
    

 5x 13.6ug Water  Buffer 
ENO .068 .34 29.89011   0 10 
E10 .091 .455 27.7551       10.10989 10 
E20 .098 .49 29.56522      12.2449 10 
E40 .092 .46 25ug 10.43478 10 

 10x 25ug Water  Buffer  

E0 .157 1.57 15.92357   24.7643 10 
E1 .21 2.1 11.90476   28.09524 10 
E2 .175 1.75 14.28571   25.71429 10 
E3 .266 2.66 9.398496   30.6015   10 

 
 
After each is pipetted into an eppendorf and labeled, boil the samples for five 
minutes at 95 degrees. While the samples are boiling set up an apparatus and gel 
(pre-made or self-made) and set them inside a tank. Then, fill the tank with freshly-
made running buffer and use a pipette to suction out any bubbles from each well. 
After five minutes has passed, retrieve the samples and let them cool to room 
temperature. While these are cooling, add 10µl of protein ladder into the first well. 
Next pipette approximately 47ml from the selected eppendorf and insert the 
solution into the second well. Continue inserting 47µl of each solution in a 
memorable order until each solution is transferred into a well.  

 Next place the lid on the top of the tank, plug it into a power-supply, set to the 
desired voltage and press run. In order to ensure a successful start of electrophoresis, 
check for bubbles rising toward the top of the gel and periodically return to see that 
the inserted protein is traveling toward the bottom end of the gel.  

 
 �� Semi-transferring to NC membrane- First, concoct the transfer buffer solution. 

Next, remove the apparatus from the tank and detach the gel before immersing 
it in fresh transfer buffer for five minutes of equilibration. Proceed to cut the 
membrane to fit the size of the gel and immerse it in transfer buffer for 15 
minutes. The complete submergence of the membrane is essential to successful 
binding. Next cut filter paper to the size of the gel. One piece of extra-thick 
filter paper on each side is necessary for each gel/membrane sandwich. Prior to 
creating the sandwich, the filter paper must also be immersed in transfer buffer. 
Then, set pre-soaked sheet of thick filter paper onto the platinum anode, roll a 
test tube over the surface to eliminate all air bubbles.  �� Blocking with non-fat milk- The reason for this step is to ensure that the 
desired protein will stick to the membrane and any unwanted proteins will not. 
(Add 1 gram of milk into 20ml of PBS). 

 �� Adding survivin primary antibody- (200-fold dilution) for 1 hour, wash 4 times 
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every 15 minutes. �� Adding anti mouse second antibody- (3000 fold) wash 4 times every 15 
minutes. �� Autograph- Remove membrane from PBS, dab extra solution off on napkin, 
and set the membrane on a clean plate surface. Then add 1 µl of enhancer 
solution and one milliliter of stable solution. After mixing these on the vortex, 
cover the membrane with this solution for five minutes. Next, place the 
membrane inside the dark room and run the program Labworks.  	� Stripping the membrane 

1. First, allow the bottle of Restore Western Blot Stripping Buffer to 
adjust to room temperature. 

2. Place the western blot to be stripped in Restore Western Blot Stripping 
Buffer and incubate for five to fifteen minutes at room temperature. Be 
sure to use enough buffer so that the blot is completely covered. To 
ensure this, twenty ml is suggested for an 8 x 10 cm blot. However, for 
a smaller membrane, ten ml is sufficient. 

3. After the blot is removed from the Restore Western Blot Stripping 
Buffer, remember to wash it in PBS or a similar washing buffer. 

4. Lastly, test to make sure that all of the immunodetection reagents have 
been removed. In order to test for successful removal, incubate the 
membrane with SuperSignal West Working Solution and expose it to 
film. If there is no detection of a signal after five minutes of exposure, 
the HRP conjugate has been removed from the antigen/ primary 
antibody. In order to ensure the elimination of the primary antibody, 
incubate the membrane with the HRP-labeled secondary antibody. 
Next, wash the membrane, incubate in new SuperSignal West Working 
Solution, and expose to film. Again, if no signal is detected after five 
minutes of exposure, the primary antibody was eradicated from the 
antigen. 

5. If a signal is detected with step four, repeat step 2, letting stripping 
buffer incubate for an additional five to fifteen minutes. You may have 
to adjust time and temperature for specific antigens. 

6. After the membrane is fully stripped, the second experiment may 
commence. 

7. Reprobing with GAPDH- add 2 
l of GAPDH into 20 ml of PBS, the 
other steps are similar to probing with survivin antibody. 

 
 


