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ABSTRACT: 

Testicular cancer mainly affects men between the ages of 20 and 39, but it is the most common 
neoplasm in men between the ages of 15 and 34.  The National Cancer Institute states that 
localized testicular cancer has a recurrence rate of 15-20%, and those tumors that are determined 
to be Sertoli or Leydig cell derived do not respond well to chemotherapy or radiation treatment.  
My summer research was centered on the effort to better characterize the immune response to a 
testicular tumor.  This was accomplished through the use of different immunology techniques 
such as proliferation assays, immunohistochemistry, ELISA, and ELISPOT.  My lab experience 
inspired me to design a unit curriculum which will help elucidate the various physiognomies of 
tumor growth.  Students first learn and apply the essential techniques of cancer cell culture.  The 
testicular cancer cell line I-10 (CCL-83, ATCC) is used to familiarize students with routine 
feeding and maintenance, subculturing, counting, and cryopreservation.  I-10 cell RNA is 
converted to cDNA and qualitatively analyzed for inhibin-7ap0(g)10( a)4(nd22s2(ne)c2(ne)c)Tj
tiompee wiTJ
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Treatment options for testicular cancer include surgery involving radical inguinal orchiectomy, 
or removal of the testicle through an incision in the groin.  Radiotherapy is a local therapy that 
employs the use of high energy rays to destroy cancer cells, but may also destroy normal cells.  
Chemotherapy is the most common systemic cytostatic that targets hyperproliferating cells found 
in tumors, and therefore, may also have deleterious effects on bone marrow, hair, and intestinal 
cells5.  However, following radical inguinal orchiectomy, there is a 15% chance of relapse which 
can increase to 32% if the tumor is greater than 4cm and invasion of the rete testis has occurred1.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
 
Cancer Vaccines 
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Autoreactive T Cells 
T cells recognize antigens only when presented by molecules on the surface of antigen 
presenting cells such as macrophages and dendritic cells14.  CD4+ T cells recognize peptide 
antigens via the T cell receptor (TCR) when the peptide is presented by class II molecules of the 
major histocompatibility complex (MHC). However, CD8+ T cells recognize peptide antigens 
when they are presented by class I molecules of the MHC.  In most organ-specific autoimmune 
models, CD4+ responses predominate, but CD8+ T cells may be involved in the self-recognition 
process and in the pathogenesis of disease often by recognizing totally different peptide domains 
of self-proteins than those recognized by CD4+ T cells15. 
 
STUDENT OUTCOMES: 
 
Students learn and apply the essential techniques of cancer cell culture.  The testicular cancer cell 
line I-10 (CCL-83, ATCC) is used to familiarize students with routine feeding and maintenance, 
subculturing, counting, and cryopreservation.  I-10 cell RNA is converted to cDNA and 
qualitatively analyzed for inhibin-alpha gene expression, which serves as a tumor marker, using 
RT-PCR.  Then, they analyze previously formalin-fixed, paraffin embedded murine testes 
(normal and cancerous) using H&E staining and immunohistochemical staining for CD3 and 
inhibin-alpha.  Finally, students 
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NGSS (Next Generation Science Standards) 
This unit aligns with the following NGSS: 

�ƒ PS1A: Structure and Properties of Matter 
�ƒ PS1B: Chemical Reactions 
�ƒ 



ADVANCE PREPARATION: 
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Materials Purchased Cost Substitute 
I-10 Leydig Cancer Cells (CCL-83) ATCC $450 N/A 
F-12K Medium (30-2004) ATCC $18 CO2 

Independent 
Medium 

Horse Serum (30-2040) ATCC $50 N/A 
Fetal Bovine Serum (SH3091002) Fisher Scientific $70 N/A 
Penicillin/Streptomycin (BP2959-50) Fisher Scientific $50 N/A 
Trypan Blue (SV3008401) Fisher Scientific $20 N/A 
Vacuum Filtering Flask (10-182-50B) Fisher Scientific $30 N/A 
Cell-VU Hemocytometer Slides 
(DRM700) 

Fisher Scientific $200 N/A 

Permount 
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Sterile Materials 

1. The following items should be sterilized by spraying with 70% ethanol and left 
permanently inside the cell culture hood (laminar flow hood): 

a. Permanent marker 
b. Test tube racks (Do not use wood!) 

2. The following items should be sterilized by steaming and left permanently inside the cell 
culture hood (laminar flow hood): 

a. Pasteur pipettes (in pipet sterilizing box) 
Horse Serum (HS)  

1. Time required: Thaw-1.0 hr., aliquot-30 min.  
2. Thaw HS by placing it in a 37ºC water bath. 
3. Aliquot into 50mL conical tubes. 
4. DO NOT decomplement! 
5. Store at -20�qC. 
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0.8% Agarose Gel 
1. In a 150ml Erlenmeyer flask, pour enough 0.5X TBE to cover the bottom. 
2. Weigh 0.8g of agarose and carefully pour it inside the flask. 
3. Bring the volume up to 100mL with 0.5X TBE. 
4. Now, bring to a boil for at least 3 times in a microwave or on a hot plate until the agarose 

is fully dissolved.  It should be as clear as water. 
5. Add 2µL of ethidium bromide and stir (1µL for every 50mL of agarose solution). 
6. Let it cool to the point wh
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Cell Subculture  
(Cell Culture Hood) 

   

Item Contents/Volume Number (�� ) 
Inverted Microscope  1 ��  
CO2 Incubator  1 �� 
Water Bath  1 �� 
Clinical Centrifuge  1 �� 
Gloves  2-3 �� 
Beaker (for ice) 1L 1 �� 
Ice 600mL 1 ��  
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Cryopreservation of Cancer Cells  
(Cell Culture Hood) 
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Handling Procedures for Frozen Cells  
(Cell Culture Hood) 

 

Item Contents/Volume Number (�� ) 
Inverted Microscope  1 ��  
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Cell Counting 
Trypan Blue Exclusion (at bench) 

 

Item Contents/Volume Number (�� ) 
Inverted Microscope  1 ��  
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DAILY UNIT PLANS 

Thawing Procedure for Direct Cell Shipment from ATCC (Teacher) 
1. This should be started at least 1 week in advance in order to ensure that you have enough 

cells for all of your student workstations. 
2. 
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19. Once you have a single cell suspension, pipette 10mL of the RINSE tube into one culture 
flask. 

20. Now using a new serological pipette, add 3mL of new F-12K complete medium to each 
flask in order to bring the volume up to a total of 13mL. 
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Subculturing Cells (Week 1, Days 1, 2, 4/Week 2, Days 1 & 4/Week 3, Day 1) 
1. At least 30 minutes before you begin, turn on the 37°C water bath and place F-12K 

complete growth medium inside to warm it and the TE for thawing. 
2. NOTE: You will need 5mL of TE for each culture flask. 
3. Sterilize your gloved hands by squirting 70% EtOH on them. Then rub your gloved hands 

together as if you are washing them. 
4. Obtain your cell culture flasks from the CO2 incubator, and take a look at them under the 

inverted microscope.  Healthy growing I-10 cells will have adhered to the bottom of the 
flask, and some should have a spindle shape.  See below. 
    

 
 

5. Estimate percent confluency by comparing the amount of space covered by the cells with 
the unoccupied spaces.  The figure above is about 50% confluent.  Once you have about 
80% confluency and most cells are spindle-shaped, they need to be subcultured. 

6. NOTE: In order to prevent contamination, never place the culture flask directly on the 
bench top.  Instead, first place a clean paper towel underneath the flask. 

7. Obtain a sterile 50 mL tube, and use the marker that is already in the cell culture hood to 
label it “SUB, Station #and/or initials” (one 50mL conical tube for each flask). 

8. Now, unscrew the cap on the culture flask while inside the cell culture hood, and place 
the cap on the floor of the cell culture hood so that the open end faces up.   

9. Using the supernatant from within the culture flask, rinse the “belly” of the flask by 
squirting it with the supernatant in a side to side motion.  Do this about 5 times.  This will 
help initiate the dislodging process.   

10. NOTE: It is important not to let the cells sit dry (without growth medium) for too long 
otherwise their viability will be compromised. 

11. Pipette loosened cells from flask into the corresponding SUB tube. 
12. Place tube on ice. 
13. DO NOT let the cells in the flask sit dry for too long! 
14. Squirt the TE tube with 70% EtOH to sterilize it before placing it inside of the cell 

culture hood.  Pipette 5 mL of TE into the 25cm2 flask (10 mL if using a 75cm2 flask).    
15. Carefully, place flask in CO2 incubator for at least 3 minutes in order to dislodge cells 

from the flask. (Repeat for other flasks.) 
16. Remove your TE/cells/flask from the CO2 incubator and again pipette TE/cell solution 

from within the flask, and use it to rinse the “belly” of the flask by squirting it from side 
to side.  Do this about 5 times. 





23 
 

 

32. Dispose of any used tubes, pipettes or flasks that have come into contact with the cells in 
the biohazard bin. 

33. Wipe the floor of the cell culture hood with 70% EtOH to sterilize. 
34. Make sure that there are no perishables such as cells or culture media still inside the cell 

culture hood. 
35. Close the hatch and turn on the UV light. 

 
Cryopreservation of Cancer Cells (Week 3, Day 1) 

1. This procedure is for culture flasks that are at about 80% confluency.  I generally do not 
let students go beyond 4 flasks. 

2. At least 30 minutes before you begin, turn on the 37°C water bath and place F-12K 
complete growth medium inside to warm it and the TE for thawing. 

3. NOTE: You will need 5mL of TE for each culture flask. 
4. Sterilize your gloved hands by squirting 70% EtOH on them. Then, rub your gloved 

hands together as if you are washing them. 
5. Obtain your cell culture flasks from the CO2 incubator, and take a look at them under the 

inverted microscope.  Healthy growing I-10 cells will have adhered to the bottom of the 
flask and some should have a spindle shape.  See below. 
    

 
 

6. Estimate percent confluency by comparing the amount of space covered by the cells with 
the unoccupied spaces.  The figure above is about 50% confluent.  Once you have about 
80% confluency and most cells are spindle-shaped, they can be cryopreserved. 

7. NOTE: In order to prevent contamination, never place the culture flask directly on the 
bench top.  Instead, first place a clean paper towel underneath the flask. 

8. Obtain a sterile 50 mL tube and use the marker that is already in the cell culture hood to 
label it “FROZ, Station #and/or initials” (one 50mL conical tube for each flask). 

9. Now, unscrew the cap on the culture flask while inside the cell culture hood, and place 
the cap on the floor of the cell culture hood so that the open end faces up.   

10. Using the supernatant from within the culture flask, rinse the “belly” of the flask by 
squirting it with the supernatant in a side to side motion.  Do this about 5 times.  This will 
help initiate the dislodging process.   

11. NOTE: It is important not to let the cells sit dry (without growth medium) for too long 
otherwise their viability will be compromised. 
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34. Close the hatch and turn on the UV light. 
35. After 2 hours at -20ºC, transfer to -80ºC and let the cryogenic tubes sit overnight.  They 

can be kept here for up to a week.   
36. The next day, transfer it to liquid nitrogen for permanent storage. 

 
Handling Procedures for Frozen Cells (Only if needed) 

1. At least 30 minutes before you begin, turn on the 37°C water bath and place F-12K 
complete growth medium inside to warm it. 

2. NOTE: Do not remove cells from storage until the water bath is at the proper 
temperature.
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Cell Counting, Trypan Blue Exclusion (Week 2, Days 1 & 4) 
1. At least 30 minutes before you begin, turn on the 37°C water bath and place F-12K 

complete growth medium inside to warm it and the TE for thawing. 
2. NOTE: You will need 5mL of TE for each culture flask. 
3. Sterilize your gloved hands by squirting 70% EtOH on them. Then, rub your gloved 

hands together as if you are washing them. 
4. Obtain your cell culture flasks from the CO2 incubator and take a look at them under the 

inverted microscope.  Healthy growing I-10 cells will have adhered to the bottom of the 
flask and some should have a spindle shape.  See below. 
    

 
 

5. Estimate percent confluency by comparing the amount of space covered by the cells with 
the unoccupied spaces.  The figure above is about 50% confluent.  Once you have about 
80% confluency and most cells are spindle-shaped, they need to be subcultuted. 

6. NOTE: In order to prevent contamination, never place the culture flask directly on the 
bench top.  Instead, first place a clean paper towel underneath the flask. 

7. Obtain a sterile 50 mL tube and use the marker that is already in the cell culture hood to 



28 
 

 

17. Pipette the TE/cell solution from the flask into the corresponding SUB tube with cells 
that you had on ice.  (Repeat for other flasks.) 

18. Place SUB tubes in centrifuge and spin @ 1,500 rpm, 4°C, for 5 minutes. 
19. While the tubes are spinning, get as many new culture flasks as you need and label them 

with “Cell type, Station #, and Date inside the cell culture hood.  For every SUB tube, 
you will need 2 flasks. 

20.  After the spin, the SUB tubes at this point can either be left in the centrifuge @ 4°C 
while you work or can be put back on ice.  Be careful not to disturb the cell pellet while 
you are handling it!!!  If you do, you must spin it down again for 5 minutes. 

21. Squirt the outside of the SUB tube with 70% EtOH to sterilize it, and then, place it in the 
cell culture hood. , and then, 
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33. Keep track of your cell count using a Lab Counter App. 
34. Pipette 5mL of the SUB tube into one culture flask and 5mL into the other culture flask. 
35. Now, using a new serological pipette, add 2mL of F-12K complete medium to each flask 

in order to bring the volume up to a total of 7mL. 
36. Take a look at the cell-filled culture flasks under the inverted microscope.   
37. At this point, all of the cells will be suspended in the medium and should look relatively 

round and dense.  See below. 
 

 
 

38. Now, say a short prayer and carefully place it in the CO2 incubator.  Culture flasks may 
be stacked. 

39. Dispose of any used tubes, pipettes or flasks that have come into contact with the cells in 
the biohazard bin. 

40. Wipe the floor of the cell culture hood with 70% EtOH to sterilize. 
41. Make sure that 
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10. Carefully, pull comb straight up without wiggling. 
11. If you notice “dimples” from the gel in the buffer, slowly add more buffer until they are 

completely submerged. 
Load Gel 

12. Add 1µL of loading dye to your PCR reaction and mix by pipetting up and down. 
13. Load a 1kbp DNA Ladder into the first well and then 20µL of your PCR reaction into 

each well after. 
14. Draw a gel map that shows which wells were loaded with what sample. 
15. Connect to the power supply and set it for 150V for 30 minutes. 
16. Unplug chamber and view gel on Transilluminator. 

 
Hematoxylin & Eosin Staining (Week 1, Day 3) 

1. Tissue samples were obtained, embedded in paraffin wax, and sliced at the Cleveland 
Clinic.   

2. Place slides containing paraffin sections in a slide holder (glass or metal). 
3. The following steps should be completed under a fume hood. 
4. Deparaffinize and rehydrate sections as follows: 

a. 3 x 3 min. 100% Xylene 
b. 3 x 3 min. 100% Ethanol 
c. 1 x 3 min. 95% Ethanol 
d. 1 x 3 min. 80% Ethanol 
e. 1 x 5 min. dH2O 

5. Hematoxylin staining: 
a. 1 x 3 min. Hematoxylin 
b. Rinse dH2O 
c. 1 x 5 min. tap H2O 
d. Dip 8-12x (fast) Acid Ethanol (to destain) 
e. Rinse 2 x 1 min. tap H2O 
f. Rinse 1 x 2 min. dH2O (can leave overnight at this stage) 

6. Blot excess water from the slide holder before going into Eosin. 
7. Eosin staining and dehydration: 

a. 1 x 30s. Eosin 
b. 3 x 5 min. 95% Ethanol 
c. 3 x 5 min. 100% Ethanol 
d. 3 x 15 min. Xylene 

8. You can leave slides in xylene overnight to get good clearing of any water. 
9. Coverslip slides using Permount (xylene based). 

a. Place a drop of Permount on the slide using a micropipette, taking care not to 
leave any bubbles directly over the tissue. 

b. Angle the coverslip, and let it fall gently onto the slide.   
c. Allow the Permount to spread beneath the coverslip, covering all the tissue. 
d. Dry overnight in the hood. 
e. In case any of the Permount spills over the slide, it’s a good idea to set the 

finished slide on a plastic platform for drying and not a paper towel (pipette tips 
box works well).  Otherwise, the paper towel will be permanently glued to the 
slide. 
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Immunohistochemistry (Week 2, Days 2 & 3) 
Rehydrate Paraffin Embedded Tissue (30 min.) 
 All steps should be completed in a Coplin Jar on gentle shaker within a fume hood. 
 Some of these steps will be completed using the ImmunoCruz Staining System. 

1) Xylene 2 x 5 min @ R.T. 
2) 100% EtOH 1  TfqT80CID 7 >> R.T.
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24) Counterstain slides in Gill’s formulation #2 hematoxylin for 5-10 seconds.  Immediately, 
wash with several changes of deionized H2O. 

25) Dehydrate sections as follows: 2x 70% ethanol for 10 seconds each, 2x 95% ethanol for 
10 seconds each, 2x 100% ethanol for 10 seconds each and 3x xylenes for 10 seconds 
each.  Wipe off excess xylene from edges and bottom of slide. 

26) Immediately, add 1–2 drops of permanent mounting medium directly on the tissue and 
cover with glass coverslip.  

27) DO NOT LET XYLENE DRY OR THE TISSUE WILL CRACK.  
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AP Biology Lab Practical 
 

Lab Basics Version A  
 
Directions:  

�x 
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Molecules 
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A protein is being translated.  
 

13) In what part of the cell does translation first begin?  Be specific! 

14) If the protein is hemoglobin, what kind of a cell is producing it? 

15) If a protein needed to be modified with a lipid and the lipid was being built, which 

organelle would the protein travel to? 

16) What level of protein structure is represented by this sequence below? 
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AP Biology Lab Practical 
 
Cell Culture Techniques  
 

�x You may NOT help each other with the questions, only the lab experiment. 
�x You are allowed to work with your lab partner, but you may not help or seek help 

from any other group. 
�x Remember time is your biggest enemy, so make sure you divide all tasks 

equally. 
�x You may not ask me what to do next or how to do it; however, you may ask me 

where something is. 
�x DO NOT write on this lab practical, use the answer sheet. 

 
Hands -on:  

1) Remove two of your cancer cell flasks from the CO2 incubator, and prepare one 

for counting and DNA extraction.  The other flask will be subcultured.   

2) 
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