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Using biomarkers to investigate e-cigarette use and airway 
inflammation: A hands-on simulation                    
Teacher Guide 
 
In this activity, students test simulated “sputum” samples from smokers, vapers and non-smokers/non-vapers 
to detect levels of select protein biomarkers. By investigating how e-cigarette use influences levels of 
biomarkers associated with neutrophil activation, mucus production and detoxification pathways among 
nonsmokers, cigarette smokers and e-cigarette users, students get a glimpse into this emerging area of 
research as they learn how scientists are working to answer the question, how do e-cigarettes and the 
chemicals they contain influence respiratory health? 
 
This data-based, qualitative wet-lab simulation was developed by scientists and science educators from the 
UNC-Chapel Center for Environmental Health and Susceptibility and the University of Rochester.  
 
Activity Preparation: 
  
Chemicals are used for this activity.  Plan to follow your school’s Chemical Hygiene Plan and review relevant 
laboratory safety procedures with your students.  See page 2 for supply purchasing information. 

Materials needed for each student or group (if students are working in groups): 

• 4 small test tubes or microcentrifuge tubes prepared with the items indicated below: 
 

Label on Tube Item Amount  

Simulated Sputum - Non-smoker pH 3 buffer solution 1.5 mL 

Simulated Sputum - Smoker pH 7 buffer solution 1.5 mL 

Simulated Sputum - Vaper pH 10 buffer solution 1.5 mL 

Mucus Protein Test solution 0.1% bromothymol blue 1 mL 

• 4 small plastic snack bags prepared with the items indicated below: 
 

Label on Bag Item Amount  

Neutrophil Elastase Test strips  Hydrion pH 0-14 indicator strips 1 strip 

Myeloperoxidase Test strips Hydrion pH 0-6 indicator strips 1 strip 

Calprotectin Test strips Hydrion pH 5-9 indicator strips 1 strip 

Aldehyde Dehydrogenase Test Strips Hydrion Jumbo Strips 1-12 1 strip 

 

• 4 labeled transfer pipets or droppers: 
o Simulated Sputum - Non-smoker 
o Simulated Sputum - Smoker 
o Simulated Sputum - Vaper 
o Mucus Protein Test solution 

 
• 3 small test tubes or microcentrifuge tubes 
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• Color charts (see page 3) if students are not using the color charts on the last page of their 
instructional handout 

• Data tables (see page 4) if students are not completing the data tables in their instructional 
handout 

 

Supply Purchasing Information: 

 

 Item Amount needed 
per student/group  

Simulated Sputum 
-  Non-smoker 

pH 3 buffer solution 
VWR # 470300-468          $16.45 per liter 
https://us.vwr.com/store/product/8868691/buffer-solution 

1.5 mL 

Simulated Sputum 
- Smoker 

pH 7 buffer solution 
VWR # 470300-490          $16.45 per liter 
https://us.vwr.com/store/product/8868691/buffer-solution 

1.5 mL 

Simulated Sputum 
- Vaper 

pH 10 buffer solution 
VWR # 470300-460          $16.45 per liter 
https://us.vwr.com/store/product/8868691/buffer-solution 

1.5 mL 

Neutrophil 
Elastase Test 

strips  

Hydrion pH 0-14 indicator strips 
VWR # 97058-560          $25.07 per vial of 100 strips 
https://us.vwr.com/store/product/8918958/hydrion-ph-strips-micro-
essential-laboratory 

1 strip 

Myeloperoxidase 
Test strips 

Hydrion pH 0-6 indicator strips 
VWR # 97058-568          $25.07 per vial of 100 strips 
https://us.vwr.com/store/product/8918958/hydrion-ph-strips-micro-
essential-laboratory 

1 strip 

Calprotectin Test 
strips 

Hydrion pH 5-9 indicator strips 
VWR # 97058-566          $25.07 per vial of 100 strips 
https://us.vwr.com/store/product/8918958/hydrion-ph-strips-micro-
essential-laboratory 

1 strip 

Aldehyde 
Dehydrogenase 

Test Strips 

Hydrion Jumbo Strips 1-12 
VWR Cat# 62000-402          $25.30 per case of 1,000 strips 
(10 vials of 100 strips) 
https://us.vwr.com/store/product/16280017/hydrion-ph-strips-micro-
essential-laboratory 

1 strip 

Mucus Protein 
Test solution  

0.1% bromothymol blue  
VWR # 470300-452               $14.75 per 500 mL 
https://us.vwr.com/store/product/8868613/bromothymol-blue 

1 mL 

 

Microcentrifuge tubes 
VWR # 76004-078          $21.80 per bag of 500 
https://us.vwr.com/store/product/22507231/certified-microcentrifuge-tubes-
in-self-standing-bags-globe-scientific 
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Transfer Pipets 
VWR # 470145-794          $28.00 per 500 
https://us.vwr.com/store/catalog/product.jsp?catalog_number=470145-794  
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https://us.vwr.com/store/product/8868691/buffer-solution
https://us.vwr.com/store/product/8868691/buffer-solution
https://us.vwr.com/store/product/8868691/buffer-solution
https://us.vwr.com/store/product/8918958/hydrion-ph-strips-micro-essential-laboratory
https://us.vwr.com/store/product/8918958/hydrion-ph-strips-micro-essential-laboratory
https://us.vwr.com/store/product/8918958/hydrion-ph-strips-micro-essential-laboratory
https://us.vwr.com/store/product/8918958/hydrion-ph-strips-micro-essential-laboratory
https://us.vwr.com/store/product/8918958/hydrion-ph-strips-micro-essential-laboratory
https://us.vwr.com/store/product/8918958/hydrion-ph-strips-micro-essential-laboratory
https://us.vwr.com/store/product/16280017/hydrion-ph-strips-micro-essential-laboratory
https://us.vwr.com/store/product/16280017/hydrion-ph-strips-micro-essential-laboratory
https://us.vwr.com/store/product/8868613/bromothymol-blue
https://us.vwr.com/store/product/22507231/certified-microcentrifuge-tubes-in-self-standing-bags-globe-scientific
https://us.vwr.com/store/product/22507231/certified-microcentrifuge-tubes-in-self-standing-bags-globe-scientific
https://us.vwr.com/store/catalog/product.jsp?catalog_number=470145-794
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Neutrophil Elastase Test Color Chart   

Amount of Neutrophil Elastase 

Low Medium High 

   

 
 
 
Myeloperoxidase Test Color Chart   

Amount of Myeloperoxidase 

Low Medium High 

   

 
 
 
Calprotectin Test Color Chart   

Amount of Calprotectin 

Low Medium High 

   

 
 
 

MUC5AC/B Ratio Color Chart 

MUC5AC/B Ratio 

Low Medium High 

   

 
 
 
Aldehyde Dehydrogenase Test Color Chart   

Amount of Aldehyde Dehydrogenase 

Low Medium High 
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Biomarkers Associated with Neutrophil Activation Data Table 

 

 Neutrophil Elastase Test  Myeloperoxidase Test  Calprotectin Test 

Simulated 
Sputum 
Sample 

Test Strip 
Color 

Amount of 
Neutrophil 
Elastase 

Test Strip 
Color 

Amount of 
Myeloperoxidase 

Test Strip 
Color 

Amount of 
Calprotectin 

Non-smoker       

Smoker       

Vaper       

 
 

MUC5AC/B Ratio Data Table 
 

 Color of Liquid 
MUC5AC/B 

Ratio 

Non-smoker   

Smoker   

Vaper   
 

 

Aldehyde Dehydrogenase Data Table 
 

 Color of Liquid 
Amount of Aldehyde 

Dehydrogenase 

Non-smoker   

Smoker   

Vaper   
 

 

  



5 

Using biomarkers to investigate e-cigarette use and airway 
inflammation: A simulation   
TEACHER ANSWER KEY 
 
Scientists are investigating whether people who vape e-cigarettes can have inflamed airways.  In this activity, 
you will test simulated sputum samples collected from smokers, vapers, and non-smokers/non-vapers.  You 
will look for protein biomarkers associated with inflammation, mucus changes, and detoxification of 
chemicals.   
 
Part 1:  Testing sputum for biomarkers associated with neutrophil activation 
 
Neutrophils are a type of white blood cell that make up the immune system.  Neutrophils normally circulate 
throughout the body and they are inactive.  During inflammation, neutrophils are signaled to move to the site 
of inflammation and become activated which enables them to destroy pathogens. 
 
Scientists have identified three protein biomarkers associated with neutrophil activation - neutrophil elastase, 
myeloperoxidase, and calprotectin.  Follow the instructions below to test sputum samples for these three 
biomarkers.  You have samples of sputum from a non-smoker (a person who does not smoke and does not 
vape), a smoker, and a vaper.   
 

Follow steps 1-3 to test the sputum samples for neutrophil elastase. 

1. Use the labeled dropper labeled Non-smoker.  Put 2 drops of the Non-smoker sputum sample onto the 
colored end of a Neutrophil Elastase Test Strip.  Record the resulting color of the test strip in the 
Biomarkers Associated with Neutrophil Activation Data Table, in the Neutrophil Elastase Test column.   

2. Use the Neutrophil Elastase Test Color Chart to determine the amount of neutrophil elastase in the 
sputum sample. Enter this result (low, medium or high) in the data table.  

3. Repeat steps 1 and 2 to test the Smoker sputum sample and the Vaper sputum sample.  Make sure you 
use the appropriately labeled droppers.  

 

Follow steps 4-6 to test the sputum samples for myeloperoxidase. 

4. Use the dropper labeled Non-smoker.  Put 2 drops of the Non-smoker sputum onto the colored end of a 
Myeloperoxidase Test Strip.  Record the resulting color of the test strip in the Biomarkers Associated with 
Neutrophil Activation Data Table, in the Myeloperoxidase Test column.   

5. Use the Myeloperoxidase Test Color Chart to determine the amount of myeloperoxidase in the sputum 
sample. Enter this in the data table. 

6. Repeat steps 4 and 5 to test the Smoker sputum sample and the Vaper sputum sample.  Make sure you 
use the appropriately labeled droppers.  
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Follow steps 7-9 to test the sputum sample for calprotectin. 

7. Use the dropper labeled Non-smoker.  Put 2 drops of the Non-smoker sputum onto the colored end of a 
Calprotectin Test Strip.  Record the resulting color of the test strip in the Biomarkers Associated with 
Neutrophil Activation Data Table, in the Calprotectin Test column.   

8. Use the Calprotectin Test Color Chart to determine the amount of calprotectin in the sputum sample. 
Enter this in the data table. 

9. Repeat steps 7 and 8 to test the Smoker sputum sample and the Vaper sputum sample.  Make sure you 
use the appropriately labeled droppers.  

 
Biomarkers Associated with Neutrophil Activation Data Table 

 

 Neutrophil Elastase Test  Myeloperoxidase Test  Calprotectin Test 

Simulated 
Sputum 
Sample 

Test Strip 
Color 

Amount of 
Neutrophil 
Elastase 

Test Strip 
Color 

Amount of 
Myeloperoxidase 

Test Strip 
Color 

Amount of 
Calprotectin 

Non-smoker Orange  Low Yellow Low Yellow Low 

Smoker Green  Medium Green High Green Medium 

Vaper Blue  High Green  High Blue  High 

 
10. According to the data that you collected, are neutrophils activated in smokers?  Explain your answer.  

 
Yes, neutrophils are activated in smokers. There is a medium amount of neutrophil elastase, a 
high amount of myeloperoxidase, and a medium amount of calprotectin. 

11. According to the data that you collected, are neutrophils activated in vapers?  Explain your answer. 
 

Yes, neutrophils are activated in vapers. There is a high amount of neutrophil elastase, a high 
amount of myeloperoxidase, and a high amount of calprotectin. 

12. What does your data indicate about airway inflammation in smokers and vapers?  
 

The data indicate that both smokers and vapers have biomarkers of airway inflammation.  The 
biomarkers are (overall) higher for vapers, indicating that vapers may have higher levels of 
airway inflammation than smokers.  
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Part 2:  Testing sputum for biomarkers associated with mucus production 
 
People who have chronic inflammatory lung diseases such as asthma and COPD (chronic obstructive 
pulmonary disease) produce excessive amounts of mucus in their airways.  MUC5AC and MUC5B are two 
proteins that form mucus and protect the respiratory tract from infection.  Scientists measure and then 
compare the amount of MUC5AC and MUC5B because the ratio of these two proteins (MUC5AC/MUC5B) may 
be abnormal in people who have COPD and asthma. If the MUC5AC/MUC5B ratios are abnormal in smokers or 
vapers, it could indicate that a biological process similar to inflammatory lung diseases is occurring.  
 
Follow the instructions below to test sputum samples from smokers, vapers and non-smokers/non-vapers for 
the MUC5AC/MUC5B ratio. 

1. Use the dropper labeled Non-smoker.  Put 5 drops of the Non-smoker sputum into a clean test tube.  
Then, use the dropper labeled MUC5AC/B Test Solution to add 5 drops of MUC5AC/B Test solution into 
the test tube.  Record the resulting color of the liquid in the MUC5AC/MUC5B Ratio Data Table. 

2. Use the MUC5AC/MUC5B Ratio Color Chart to determine the MUC5AC/MUC5B ratio in the Non-smoker 
sputum sample. Enter this result into the data table. 

3. Repeat steps 1 and 2 to test the Smoker sputum sample and the Vaper sputum sample.  Make sure you 
use the appropriately labeled droppers.  
 
 

MUC5AC/MUC5B Ratio Data Table 
 

 Color of Liquid 
MUC5AC/MUC5B 

Ratio 

Non-smoker Yellow Low 

Smoker Green Medium 

Vaper Blue High 

 
 
4. According to the data that you collected, describe the differences between the MUC5AC/MUC5B ratio in 

non-smokers, smokers, and vapers.  
 
The MUC5AC/MUC5B ratio is highest in vapers (even higher than smokers). This indicates 
abnormal mucus production in vapers and smokers.  
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Part 3:  Testing sputum for a biomarker associated with detoxification pathways 
 
A detoxification pathway is a series of chemical reactions that take place in the body in order to inactivate and 
reduce the toxicity of harmful chemicals in the body.  Scientists can look for specific enzymes that perform 
detoxification reactions and these enzymes can serve as protein biomarkers.  Aldehyde dehydrogenase is an 
enzyme that inactivates chemicals known as aldehydes (which are harmful to the body).  Aldehydes have been 
detected in both cigarette smoke and in e-cigarette aerosol. 
 
Follow the instructions below to test sputum samples from smokers, vapers and non-smokers/non-vapers for 
aldehyde dehydrogenase.  

1. Use the dropper labeled Non-smoker.  Put 2 drops of the Non-smoker sputum onto the colored end of an 
Aldehyde Dehydrogenase Test Strip.  Record the resulting color of the test strip in the Aldehyde 
Dehydrogenase Data Table.   

2. Use the Aldehyde Dehydrogenase Test Color Chart to determine the amount of aldehyde dehydrogenase 
in the Non-smoker sputum sample. Enter this result in the data table. 

3. Repeat steps 1 and 2 to test the Smoker sputum sample and the Vaper sputum sample.  Make sure you 
use the appropriately labeled droppers.  

 

Aldehyde Dehydrogenase Data Table 
 

 Color of Liquid 
Amount of Aldehyde 

Dehydrogenase 

Non-smoker Orange Low 

Smoker Yellow-Green High 

Vaper Blue Medium 

 
 
4. According to the data that you collected, describe the differences in the level of aldehyde dehydrogenase 

in non-smokers, smokers, and vapers.   
 
Aldehyde dehydrogenase is highest in smokers and lowest in non-smokers.  Vapers have a 
“medium” amount of aldehyde ddehydrogenase – not as high as smokers, but higher than non-
smokers.   

5. What does your data indicate about detoxification pathway activation in smokers and vapers?  
 

The detoxification pathway is active in both smokers and vapers.  This indicates that smoking 
and vaping expose people to toxic chemicals. 
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Using biomarkers to investigate e-cigarette use and airway 
inflammation: A hands-on simulation                    
Student Guide  
 
Scientists are investigating whether people who vape e-cigarettes can have inflamed airways.  In this activity, 
you will test simulated sputum samples collected from smokers, vapers, and non-smokers/non-vapers.  You 
will look for protein biomarkers associated with inflammation, mucus changes, and detoxification of 
chemicals.   
 
Part 1:  Testing sputum for biomarkers associated with neutrophil activation 
 
Neutrophils are a type of white blood cell that make up the immune system.  Neutrophils normally circulate 
throughout the body and they are inactive.  During inflammation, neutrophils are signaled to move to the site 
of inflammation and become activated which enables them to destroy pathogens. 
 
Scientists have identified three protein biomarkers associated with neutrophil activation - neutrophil elastase, 
myeloperoxidase, and calprotectin.  Follow the instructions below to test sputum samples for these three 
biomarkers.  You have samples of sputum from a non-smoker (a person who does not smoke and does not 
vape), a smoker, and a vaper.   
 
Follow steps 1-3 to test the sputum samples for neutrophil elastase. 

1. Use the labeled dropper labeled Non-smoker.  Put 2 drops of the Non-smoker sputum sample onto the 
colored end of a Neutrophil Elastase Test Strip.  Record the resulting color of the test strip in the 
Biomarkers Associated with Neutrophil Activation Data Table, in the Neutrophil Elastase Test column.   

2. Use the Neutrophil Elastase Test Color Chart to determine the amount of neutrophil elastase in the 
sputum sample. Enter this result (low, medium or high) in the data table.  

3. Repeat steps 1 and 2 to test the Smoker sputum sample and the Vaper sputum sample.  Make sure you 
use the appropriately labeled droppers.  

 

Follow steps 4-6 to test the sputum samples for myeloperoxidase. 

4. Use the dropper labeled Non-smoker.  Put 2 drops of the Non-smoker sputum onto the colored end of a 
Myeloperoxidase Test Strip.  Record the resulting color of the test strip in the Biomarkers Associated with 
Neutrophil Activation Data Table, in the Myeloperoxidase Test column.   

5. Use the Myeloperoxidase Test Color Chart to determine the amount of myeloperoxidase in the sputum 
sample. Enter this in the data table. 

6. Repeat steps 4 and 5 to test the Smoker sputum sample and the Vaper sputum sample.  Make sure you 
use the appropriately labeled droppers.  
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Follow steps 7-9 to test the sputum sample for calprotectin. 

7. Use the dropper labeled Non-smoker.  Put 2 drops of the Non-smoker sputum onto the colored end of a 
Calprotectin Test Strip.  Record the resulting color of the test strip in the Biomarkers Associated with 
Neutrophil Activation Data Table, in the Calprotectin Test column.   

8. Use the Calprotectin Test Color Chart to determine the amount of calprotectin in the sputum sample. 
Enter this in the data table. 

9. Repeat steps 7 and 8 to test the Smoker sputum sample and the Vaper sputum sample.  Make sure you 
use the appropriately labeled droppers.  

 
 

Biomarkers Associated with Neutrophil Activation Data Table 
 

 Neutrophil Elastase Test  Myeloperoxidase Test  Calprotectin Test 

Simulated 
Sputum 
Sample 

Test Strip 
Color 

Amount of 
Neutrophil 
Elastase 

Test Strip 
Color 

Amount of 
Myeloperoxidase 

Test Strip 
Color 

Amount of 
Calprotectin 

Non-smoker       

Smoker       

Vaper       

 
 
10. According to the data that you collected, are neutrophils activated in smokers?  Explain your answer.  

 
 

11. According to the data that you collected, are neutrophils activated in vapers?  Explain your answer. 

 

12. What does your data indicate about airway inflammation in smokers and vapers?  

 

 

Group Members: _____________________________________________________________________ 
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Part 2:  Testing sputum for biomarkers associated with mucus production 
 
People who have chronic inflammatory lung diseases such as asthma and COPD (chronic obstructive 
pulmonary disease) produce excessive amounts of mucus in their airways.  MUC5AC and MUC5B are two 
proteins that form mucus and protect the respiratory tract from infection.  Scientists measure and then 
compare the amount of MUC5AC and MUC5B because the ratio of these two proteins (MUC5AC/MUC5B) may 
be abnormal in people who have COPD and asthma. If the MUC5AC/MUC5B ratios are abnormal in smokers or 
vapers, it could indicate that a biological process similar to inflammatory lung diseases is occurring.  
 
Follow the instructions below to test sputum samples from smokers, vapers and non-smokers/non-vapers for 
the MUC5AC/MUC5B ratio. 

1. Use the dropper labeled Non-smoker.  Put 5 drops of the Non-smoker sputum into a clean test tube.  
Then, use the dropper labeled MUC5AC/B Test Solution to add 5 drops of MUC5AC/B Test solution into 
the test tube.  Record the resulting color of the liquid in the MUC5AC/MUC5B Ratio Data Table. 

2. Use the MUC5AC/MUC5B Ratio Color Chart to determine the MUC5AC/MUC5B ratio in the Non-smoker 
sputum sample. Enter this result into the data table. 

3. Repeat steps 1 and 2 to test the Smoker sputum sample and the Vaper sputum sample.  Make sure you 
use the appropriately labeled droppers.  
 
 

MUC5AC/MUC5B Ratio Data Table 
 

 Color of Liquid 
MUC5AC/MUC5B 

Ratio 

Non-smoker   

Smoker   

Vaper   

 
 
4. According to the data that you collected, describe the differences between the MUC5AC/MUC5B ratio in 

non-smokers, smokers, and vapers.  
 

 

Group Members: _____________________________________________________________________  
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Part 3:  Testing sputum for a biomarker associated with detoxification pathways 
 
A detoxification pathway is a series of chemical reactions that take place in the body in order to inactivate and 
reduce the toxicity of harmful chemicals in the body.  Scientists can look for specific enzymes that perform 
detoxification reactions and these enzymes can serve as protein biomarkers.  Aldehyde dehydrogenase is an 
enzyme that inactivates chemicals known as aldehydes (which are harmful to the body).  Aldehydes have been 
detected in both cigarette smoke and in e-cigarette aerosol. 
 
Follow the instructions below to test sputum samples from smokers, vapers and non-smokers/non-vapers for 
aldehyde dehydrogenase.  

1. Use the dropper labeled Non-smoker.  Put 2 drops of the Non-smoker sputum onto the colored end of an 
Aldehyde Dehydrogenase Test Strip.  Record the resulting color of the test strip in the Aldehyde 
Dehydrogenase Data Table.   

2. Use the Aldehyde Dehydrogenase Test Color Chart to determine the amount of aldehyde dehydrogenase 
in the Non-smoker sputum sample. Enter this result in the data table. 

3. Repeat steps 1 and 2 to test the Smoker sputum sample and the Vaper sputum sample.  Make sure you 
use the appropriately labeled droppers.  

 

Aldehyde Dehydrogenase Data Table 
 

 Color of Liquid 
Amount of Aldehyde 

Dehydrogenase 

Non-smoker   

Smoker   

Vaper   

 
 
4. According to the data that you collected, describe the differences in the level of aldehyde dehydrogenase 

in non-smokers, smokers, and vapers.   
 

 

5. What does your data indicate about detoxification pathway activation in smokers and vapers? 
 
 
 
 
 
 

Group Members: _____________________________________________________________________ 
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Neutrophil Elastase Test Color Chart   

Amount of Neutrophil Elastase 

Low Medium High 

   

 
 
 
Myeloperoxidase Test Color Chart   

Amount of Myeloperoxidase 

Low Medium High 

   

 
 
 
Calprotectin Test Color Chart   

Amount of Calprotectin 

Low Medium High 

   

 
 
 

MUC5AC/B Ratio Color Chart 

MUC5AC/B Ratio 

Low Medium High 

   

 
 
 
Aldehyde Dehydrogenase Test Color Chart   

Amount of Aldehyde Dehydrogenase 

Low Medium High 

   

 

 


