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Grades 9–12

Inside You’ll Find:
• A comprehensive education program

• �Student worksheets, lessons, and  
helpful resources

• Connections to Blood Detectives DVD
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The American Society of Hematology’s (ASH) mission is 
to further the understanding, diagnosis, treatment, and 
prevention of disorders affecting the blood, bone marrow, 
and the immunologic, hemostatic, and vascular systems,  
by promoting research, clinical care, education, training, 
and advocacy in hematology.

ASH celebrated its 50th anniversary in 2008 and is 
continuing to mark this milestone by helping the public make 
the connection between blood health and total health.

About the

American Society of Hematology

About the

Blood Detectives DVD
Blood Detectives is a documentary produced by award-winning 
filmmaker Joseph Lovett. The documentary details the secrets 
and mysteries of human blood and the highly specialized medical 
professionals—hematologists—who unravel these medical 
mysteries to save lives. The film delves deeply into the lives of 
patients who are affected by some of the most common, and 
sometimes the deadliest, blood disorders. The cameras track the 
best in the field as they race against time to find treatments for a 
number of conditions, including leukemia, bleeding disorders, and 
several others.
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the Mystery 
 of Blood



The American Society of Hematology, in partnership with Scholastic, is 
pleased to share Explore the Mystery of Blood, a resource-filled, national 
standards-based teaching guide that will capture your students’ attention.

Starting with the enclosed Blood Detectives DVD, students will see real 
hematologists in action working with patients, performing experiments in 
laboratories, and making discoveries that will lead to better treatments for 
blood diseases. 

From there, use the lesson plans and student worksheets in this teaching 
guide to support the content in the DVD and provide rich research-based 
and hands-on assignments for students to perform their own experiments 
and make their own discoveries.

Through this exciting material, we hope that your students will take this 
sense of excitement and exploration with them through their high school 
years and beyond.

Yours truly,

Nancy Berliner, M.D.
President, American Society of Hematology

Dear Teacher:
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Knows the availability and effective use of health services, products, and information
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Lesson 

3
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5
Lesson

6
Lesson

7
Knows situations that require professional health services in the areas of prevention, 
treatment, and rehabilitation

Knows essential concepts about the prevention and control of disease

Understands the social, economic, and political effects of disease on individuals, families, 
and communities
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Performs self-appraisal
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Determines personal career goals and establishes a plan to meet them 
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Understands the relationships among science, technology, society, and the individual
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1
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2
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3
Lesson 

4
Lesson

5
Lesson

6
Lesson

7

Knows examples of advanced and emerging technologies and how they could impact society

Knows that technology can benefit the environment by providing scientific information, providing 
new solutions to older problems, and reducing the negative consequences of existing technology 

Knows the role of technology in a variety of careers
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Writing: Gathers and uses information for research purposes Lesson

1
Lesson 

2
Lesson 

3
Lesson 

4
Lesson

5
Lesson

6
Lesson

7

Uses appropriate research methodology 

Uses a variety of print and electronic sources to gather information for research topics 

Writes expository compositions 

Synthesizes information from multiple research studies to draw conclusions that go beyond 
those found in any of the individual studies

Writes research papers

Reading: Uses reading skills and strategies to understand and interpret a variety of 
informational texts

Uses reading skills and strategies to understand a variety of informational texts 

Listening and Speaking: Uses listening and speaking strategies for different purposes

Makes multimedia presentations using text, images, and sound
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Makes general preparation for entering the work force
Lesson

1
Lesson 

2
Lesson 

3
Lesson 

4
Lesson

5
Lesson

6
Lesson

7

Establishes an explicit career action plan, including short- and long-term goals

Evaluates potential career choices in relation to personal interests, strengths, and values     

Analyzes information associated with careers of interest

 

Curriculum Standards & Benchmarks for Grades 9–12

Understands biological evolution and the diversity of life
Lesson

1
Lesson 

2
Lesson 

3
Lesson 

4
Lesson

5
Lesson

6
Lesson

7
Knows that heritable characteristics, which can be biochemical and anatomical, largely 
determine what capabilities an organism will have, how it will behave, and how likely it is to 
survive and reproduce

Understands the concept of natural selection

Understands the nature of scientific knowledge

Knows ways in which science distinguishes itself from other ways of knowing and from other 
bodies of knowledge 

Understands the nature of scientific inquiry

Designs and conducts scientific investigations

Evaluates the results of scientific investigations, experiments, observations, theoretical and 
mathematical models, and explanations proposed by other scientists 

Uses technology to perform accurate scientific investigations and communications
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What Runs

Through My Veins
Objectives:
 • �Become familiar with the components  

of blood
 • �Understand the roles of the cellular 

components of blood
 • �Use a compound light microscope  

to observe blood smears
 • �Understand the role of stem cells in  

the production of RBCs (red blood 
cells)

Directions:
1. �If students are not familiar with how to use a compound light 

microscope, conduct a pre-lesson in which students learn  
the parts of the microscope and observe microscope slides. 
Alternatively, guide them through a brief online demonstration  
at www.udel.edu/biology/ketcham/microscope/.

2. �Instruct students on the components of blood and how blood  
cells form (hematopoiesis).

3. �Use visuals to show the cellular components of blood, and ask 
students to compare and contrast their appearance and functions, 
or show an animated film about the basics of blood at  
www.bloodthevitalconnection.org/blood-basics/default.aspx.

4. �Observe blood smears using the 10X and 40X objective lenses of 
the compound light microscope. 

5. �Sketch observations and answer all questions on the student 
worksheet.

Extension Activities:
 • �Show a film segment from the movie Osmosis Jones to 

supplement instruction on the immune response (www.imdb.com/
title/tt0181739/plotsummary).

 • �Have students complete all or part of The Case of Eric, Lou 
Gehrig’s Disease, and Stem Cell Research from the National 
Center for Case Study Teaching in Science, University at Buffalo, 
State University of New York (www.sciencecases.org/gehrigs_
disease/gehrigs_disease.asp). Teachers can create an account 
for free to view the answer keys and teaching notes.

Materials: 

• �What Runs Through My 
Veins Student Worksheet 1 

• pen

• paper

• �prepared microscope slides of 
blood smears (or high-quality 
color photos)

• �compound light microscope 
(one for every one to two 
students)

           
Time Required: 
one to two class periods 
(approximately 45 minutes each)

A normal  
blood smear.
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orksheet

Name: 

Class/Period: 

Materials:
 • Compound light microscope  
 • Prepared slides of normal blood smears

Procedure:
1. �Place the prepared slide on the stage of the compound light microscope. Turn  

the light on, or adjust the mirror so that light is reflected up toward the specimen. 
2. �Turn the nosepiece so that the 10X objective lens is in place over the slide.
3. �Adjust the focus by turning the coarse adjustment knob until the image of the  

blood smear is clear.
4. �Sketch your observations under low power on the back of this sheet. Which cellular 

components are visible?
5. �Turn the nosepiece so that the 40X objective lens is in place over the slide.
6. �Sketch your observations under high power on the back of this sheet. Which cellular 

components are visible?

Analysis Questions:
1. �Describe the appearance of red blood cells (RBCs), white blood cells (WBCs),  

and platelets. 
2. �Describe the function of RBCs, WBCs, and platelets.
3. �What would happen to a person if his or her RBCs were not functioning properly? 

His or her WBCs? His or her platelets? 
4. �If you know of a disease/disorder in which any of these cells fail to function  

properly, name and describe it on another sheet of paper.

What Runs  
Through My Veins

A normal  
blood smear. 
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Materials:

• �Common Blood Disorders 
Student Worksheet 2

• pen

• paper

• Blood Detectives DVD      
    
Time Required: 
one to two class periods 
(approximately 45 minutes 
each), depending on how many 
disorders are profiled 

Objectives:
 • �Become familiar with common blood disorders 
 • �Understand the pathology and symptoms of some common 

disorders
 • �Distinguish among the three categories of blood disorders

Common

Blood Disorders

Directions:
1. �Play video segments from the Blood 

Detectives DVD showing patients 
being treated by hematologists at 
NewYork-Presbyterian hospital. 
Show segments for three to six 
of the patients, depending on 
how many class periods will be 
devoted to this activity. Show at 
least one segment for anemia, one 
for a clotting disorder, and one for 
lymphoma/leukemia.

2. �While watching the video segments, 
students should answer questions 
and fill out the table on the 
accompanying worksheet.

Extension Activities:
 • �Give students a list of blood 

disorders not included in the video 
segment. Have the students work 
in teams of two to four to research 
their assigned disorder, including 
the symptoms of the disease, the 
changes that take place in the 
blood, available treatments, and 
current research that is being 
carried out on the disorder. Students 
can complete a research paper on 
their topic or give a presentation to 
the class. 

Paler,  
abnormally  

small red blood  
cells indicate iron- 

deficiency anemia.
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cell (owl-like  
appearance)  
indicates Hodgkin 
lymphoma

Hairy-cell leukemia
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W

orksheet

2

 Disease Type of Disorder
Physical  

Symptoms
Molecular/ 

Cellular Changes
Treatments

9

Common 
Blood Disorders

Name: 

Class/Period: 

Instructions:
1. �Watch the video segments selected by your teacher.
2. �For each patient profiled in the video, take notes on each of the topics in the chart 

below. Your notes should include the name of the disease, the type of disorder 
(anemia, clotting disorder, or cancer of the blood), the physical symptoms, the 
molecular/cellular changes that take place, and the available treatments.

Analysis Question:
Compare and contrast the symptoms and causes of 
each type of blood disorder.

Paler, abnormally small  
red blood cells indicate  
iron-deficiency anemia.
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Objectives:
 • Understand science as a process
 • �Understand how the results of one experiment can lead to 

additional studies
 • Describe and interpret scientific data
 • �Learn about the history of hematology via case study analysis

Directions:
1. �Students should be familiar with cell organelles and their functions.
2. �Have students complete the case study Sickle Cell Anemia from 

the National Center for Case Study Teaching in Science, University 
at Buffalo, State University of New York (http://ublib.buffalo.edu/
libraries/projects/cases/sickle_cell1.html). Students should 
work in cooperative groups of three to four and use a course 
textbook as reference. 

3. �Students should read section 1 of the case study prior to class. 
Have students reiterate the main points in the reading at the start 
of class. Students should then work in cooperative groups to 
identify and list each piece of experimental evidence described in 
the reading. For each piece of evidence, students should explain 
its significance. Share answers as a group, then have students 
answer the case study questions for section 1. 

4. �Students should read section 2A of the case study prior to 
class. Have students reiterate the main points in the reading 
at the start of class. Use the course textbook as a reference to 
see the difference in shape between normal RBCs and those 
of an individual with sickle cell anemia. In Campbell, Reece, 
and Mitchell’s Biology (5th edition), use figure 5.19 on page 72. 
Students should answer all questions for part 2A of the case study 
in cooperative groups. 

5. �Students should read section 2B of the case study prior to class. 
Have students reiterate the main points in the reading at the start 
of class, then answer all questions for the section in cooperative 
groups. Share answers as a whole class, then distribute section 
2C of the case study. Students should read section 2C in class  
and answer the analysis questions in cooperative groups.

Extension Activities:
 • �For a more advanced course, such as Advanced Placement 

Biology, section 3 of the case study can be completed. This section 
requires more in-depth knowledge of cellular functions.

 • �Assign students to research a well-known hematologist and create 
a scrapbook based on that person’s life. Students should include 
biographical information, career information, and a one-page 
reflection on the hematologist’s life.

Analyze a

Case Study

Materials:

• �Analyze a Case Study 
Student Worksheet 3

• pen

• paper

• �copy of case study 

• �Biology (5th edition), 
Campbell, Reece, and Mitchell     

    
Time Required: 
3 class periods (approximately 
45 minutes each)

A sickle cell  
blood smear.

.
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Experimental Evidence Significance
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W

orksheet

Analyze a  

Case Study  

Name: 

Class/Period: 

Instructions:
1. �Read section 1 of Sickle Cell Anemia from the National Center for Case Study 

Teaching in Science, University at Buffalo, State University of New York. 
2. �Work in groups to identify the experimental evidence described in the case study.
3. �List all experimental evidence in the chart below, and for each piece of evidence, 

describe its significance.
4. �Answer analysis questions at the end of section 1 of the case study.
5. �Complete sections 2A, 2B, and 2C of the case study as instructed by your teacher.

A sickle cell  
blood smear.
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Materials:

• �Blood Detectives Student 
Worksheet 4A and 4B

• pen

• paper

• �prepared slides of blood 
smears from individuals with 
blood disorders (or high-
quality color photos)

• �compound light microscope 
(one for every one to two 
students)     

    
Time Required: 
two to three class periods 
(approximately 45 minutes 
each), depending on  
how many disorders are 
observed/assigned

Objectives:
 • �Use a compound light microscope to observe blood smears from 

individuals with blood disorders
 • �Distinguish between blood smears of healthy and unhealthy 

individuals
 • �Correlate changes in the blood with disease symptoms
 • �Diagnose diseases based on blood smear observations

Directions:
1. Review categories of blood disorders and examples of each.
2. �Observe blood smears from individuals with blood disorders at  

10X and 40X magnification under the compound light microscope.
3. �Sketch observations and answer all questions on the student 

worksheet.
4. �Students should use their previous sketches of normal blood 

smears as a basis of comparison. You may also make the normal 
blood smears or color photos available for students to look at again.

5. �Group students into teams of two to four. Distribute the history, 
physical symptoms, and microscope slides with blood smears of 
patients who have not yet been diagnosed (“unknown” samples). 
Teachers should use the ASH Web site to create accurate 
descriptions of the symptoms of specific diseases for which you 
have obtained blood smears. If you cannot obtain blood smears 
for all of the diseases you want students to diagnose, use color 
photographs instead. Some examples are provided for your use at 
www.BloodTheVitalConnection.org/for-students/tools.aspx.  

6. �Have students make observations and predict which disease 
the patient has based on the blood smears and the physical 
symptoms. The diagnosis has to be justified on their direct 
observations and information from previous lessons and/or the 
ASH Web site. Students should specifically cite the symptoms and 
changes in the blood smear that led to their diagnosis.

Extension Activities:
 • �Students can present their findings to the class in the form of 

a PowerPoint presentation. Have them include background 
information on the blood disorder they diagnosed, specific 
observations that led them to that diagnosis, and their 
recommendations for treatment.

 • �Assign students to research a well-known hematologist and create 
a scrapbook based on that person’s life. Students should include 
biographical information, career information, and a one-page 
reflection on the hematologist’s life.

Blood

Detectives
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A chronic  
myelogenous  

leukemia patient’s  
blood smear shows  

an increased number of  
neutrophils, a type of white 

blood cell.
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4

Analysis Questions:
1. �For each disease you observed, contrast the corresponding 

blood smear with sketches of a normal blood smear. 
2. �How do these changes in the cellular components of the 

blood result in symptoms of the disease?

Materials:
 • Compound light microscope  
 • Prepared slides of blood smears from patients with blood disorders

Procedure:
1. Place the prepared slide on the stage of the compound light microscope.
2. �Turn the light on, or adjust the mirror so that light is reflected up toward the specimen.
3. Turn the nosepiece so that the 10X objective lens is in place over the slide.
4. �Adjust the focus by turning the coarse adjustment knob until the image of the blood 

smear is clear.
5. Sketch your observations under low power in the space below. 
6. Turn the nosepiece so that the 40X objective lens is in place over the slide.
7. Sketch your observations under high power in the space below. 

W

orksheet

Name: 

Class/Period: 

Blood  

Detectives

A chronic myelogenous  
leukemia patient’s blood  
smear shows an increased  
number of neutrophils, a type  
of white blood cell.
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Blood  
Detectives

Analysis Questions:
1. �Contrast the blood smear you observed today with a normal 

blood smear. What differences did you observe?
2. �Which symptoms gave a clue to the patient’s possible 

diagnosis? How did you narrow down the possibilities?
3. �What treatments would you recommend for your patient?

Materials:
 • Compound light microscope  
 • Prepared slides of blood smears from patients with blood disorders

Instructions:
1. Work in teams of two to four students.
2. Obtain the blood smear, history, and physical symptoms of your assigned patient.
3. �Observe the blood smear with the 10X and 40X objective lenses, and note/sketch 

observations in the space below.
4. �Using www.bloodthevitalconnection.org/blood-basics/other-resources.aspx 

as a reference, diagnose the disease of the patient your group was assigned. Be 
prepared to justify your determination based on your observations and notes from 
reference materials.

Name: 

Class/Period: 

Summary/Description of Symptoms: Observations/Sketches of Blood Smear:

4B

W

orksheet

A chronic myelogenous  
leukemia patient’s blood 

smear shows an increased 
number of neutrophils, a type 

of white blood cell.
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Objectives:
 • �Understand how the use of model organisms has  

contributed to research in biology
 • �Describe the ideal attributes of a model organism
 • �Describe similarities in structure and function between  

humans and some common model organisms, such as 
the zebrafish

 • �Be introduced to the concept of evolutionary 
developmental biology

Directions:
1. �Have students watch the video segment from the 

Blood Detectives DVD where zebrafish research  
is described.

2. �Instruct students to conduct research on model 
organisms in biology (two references are listed below) 
and answer all questions on the student worksheet.

Extension Activities:
 • �Research the history of hematopoietic stem cell transplantation 

(HCT). Have students describe the procedure, its successes,  
and obstacles to its use. 

 • �Allow students to observe, analyze, and record data on  
the embryonic development of zebrafish. 

For information on model organisms:
www.bio.miami.edu/~cmallery/150/special/model_organisms.htm

www.bio.miami.edu/~cmallery/150/special/scientist.models.pdf

For information on HCT (extension activity):
www.bloodthevitalconnection.org/blood-basics/other-
resources.aspx

For information on zebrafish development (extension activity):
www.the-aps.org/education/k12curric/activities/pdfs/krenz.pdf

Advances

in Hematology

Materials:

• �Advances in Hematology 
Student Worksheet 5

• pen

• paper

• �Blood Detectives DVD  
    
Time Required: 
one to two class periods 
(approximately 45 minutes each)
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Zebrafish is a popular  
laboratory animal choice  
for genetic studies, develop-
mental biology, and disease 
modeling.

Electron  
micrograph of 
newly hatched 

zebrafish.
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Advances 
in Hematology

Instructions:
1. �Conduct research on the use of model organisms in biology. Use the suggested 

references below, your course textbook, and any additional resources you find.
2. �Answer the questions below based on your research.

Analysis Questions:
1. What is a model organism?
2. What characteristics are most useful in a model organism?
3. For what processes do scientists specifically use zebrafish as models?
4. What processes are similar between humans and zebrafish?
5. �What model organisms are used most commonly for studies of human immunity? 

Why?
6. �How is it possible for organisms as diverse as yeast, zebrafish, worms, and mice  

to be used as models of human functions and diseases? Explain.

Suggested References: 
www.bio.miami.edu/~cmallery/150/special/model_organisms.htm
www.bio.miami.edu/~cmallery/150/special/scientist.models.pdf

W

orksheet

Zebrafish is a popular  
laboratory animal choice  

for genetic studies, 
developmental biology,  
and disease modeling.

Name: 

Class/Period: 
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Objectives:
 • �Become familiar with the field of hematology
 • �Understand the educational and training requirements  

to become a hematologist
 • �Become aware of available resources

Directions:
1. �Have students watch a Blood Detectives DVD  

segment profiling the hematologists at NewYork-
Presbyterian hospital. 

2. �Instruct students to answer questions on Student 
Worksheet 6. Students should conduct research as 
necessary using www.bloodthevitalconnection.org/ 
for-students/career-resources.aspx and  
www.bloodthevitalconnection.org/for-students/. 
Read interview responses and watch the  
video Why Choose Hematology? at  
www.bloodthevitalconnection.org. 

Extension Activity:
 • �Instruct students on how to conduct a journal club presentation, 

using www.hematology.org/publications/hematologist/ 
jf06/training.cfm as a guideline. Assign each student (or each  
group of two to three students if it is a larger class) to read and  
interpret one article from www.bloodthevitalconnection.org/
blood-basics/other-resources.aspx. Each student or group  
should prepare a journal club presentation using PowerPoint and 
present their findings to the class.

Do I Have What It Takes

to Be a Hematologist?

Materials:

• �Do I Have What It Takes to 
Be a Hematologist? 
Student Worksheet 6

• pen

• paper

• �Blood Detectives DVD    
    
Time Required: 
two class periods 
(approximately 45 minutes each)
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The appearance of  
normal circulating blood  
offers little variation in cell  
size and shape.
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Q
A

Q
A

How did you become interested in the field of hematology?  
Clinical research, in particular?

Hematology is a dynamic field with exciting breakthroughs in diagnosis and treatment 
occurring on a regular basis. Clinical research interested me because I wanted a 
career that finds better ways to diagnose and treat blood diseases and, at the same 
time, be able to maintain direct patient contact.

Why do you think it’s important for people to get involved in this field?

The study of blood and blood diseases is absolutely fascinating as blood is an organ 
that literally touches, affects, and connects every organ in the body. Hematology is a 
specialty that requires a large amount of intellectual investigative work. There are vast 
numbers of malignant [cancers] and non-malignant diseases related to hematology 
that I always feel intellectually challenged in a positive way. 

W

orksheet

The appearance of  
normal circulating blood  

offers little variation in cell  
size and shape. Do I Have What It Takes 

to Be a Hematologist?

Name: 

Class/Period: 

Instructions:
1. �Conduct research using www.bloodthevitalconnection.org/for-students/ 

career-resources.aspx and www.bloodthevitalconnection.org/for-students/. 
Read the interview with Dr. Ginna G. Laport below and Dr. George Buchanan  
online at www.bloodthevitalconnection.org/for-students/hematologistQA.aspx. 
Watch the video Why Choose Hematology? at www.bloodthevitalconnection.org.

2. Answer the questions below using information from your research.

Ginna G. Laport, M.D.
Associate Professor of Medicine

Division of Blood and Marrow Transplantation

Stanford University Medical Center (Stanford, CA)  
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A

Q
A

Q
A

Q
A

Analysis Questions:
1. �What are the educational and training requirements in order to 

become a hematologist?
2. �Why did the hematologists featured in the video clip and interviews 

choose to enter this field?
3. Are you interested in becoming a hematologist? Why or why not?

In your experience, what is the most difficult or challenging aspect  
of becoming a hematologist in the United States?

In today’s medical reimbursement environment, it is difficult to solely practice 
hematology. Thus, many private practice hematologists must also incorporate  
primary care into their practice. Unfortunately, it seems possible to only practice  
pure hematology if one works at a large academic center. 

How do you feel advances in technology (recent or past) have helped you  
along the way, be it in your studies or in general practice?

Hematology has seen revolutionary changes in the way we treat hematologic 
malignancies in the last 10 years. The advent of drugs such as imatinib for chronic 
myelogenous leukemia and lenalidomide for multiple myeloma has revolutionized the 
way we treat these blood cancers. Both drugs are pills that help patients avoid other 
toxic treatments, which were the only available options until recently. Advances such 
as these stimulate and remind me why I chose the dynamic field of hematology.

What do you find to be most rewarding about a career in hematology research?

I am on the forefront of the medical field, and I hope that I am making a difference. 
I primarily work in the field of blood and bone marrow transplantation. This is a 
treatment that offers a cure to patients with cancers, such as leukemia, that weren’t 
curable 20-30 years ago.  

Finally, what advice might you have for a younger person who will be pursuing 
a career in this field?

Try to decide as early as possible if you choose to pursue a hematology career 
in private practice, academia, or industry. Knowing early will help you best tailor 
your training to be highly competitive and well trained when seeking your first job. 
However, at the same time, be open to all possibilities and don’t overly restrict 
yourself so that you will always have options should your career path unexpectedly 
change. Fortunately, hematology is such a diverse, all-encompassing specialty that 
hematologists will always have options, whether in a big city or small town. 
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Materials:

• �Cord Blood Banking  
and Transplantation   
Student Worksheet 7

• pen

• �computers with Internet 
access and library databases     

    
Time Required: 
two to three class periods 
(depending on the length of  
class discussions, approximately 
45 minutes per lesson)

Objectives:
•	�Describe the possible lineages of stem cells 
•	�Define “hematopoietic stem cell”
•	�Describe possible uses of cord blood stem cells in disease 

treatment and prevention
•	�Distinguish between embryonic and cord blood stem cells
•	�Describe the issues that have arisen relating to public versus 

private banking of cord blood
•	�Formulate and express an opinion on the banking and use of 

cord blood

Directions, Lesson 7A:
1.	�Ask the class the following motivating question (do now): What 

comes to mind when you hear the words “stem cells”? Then ask 
students to list at least three topics or phrases. 

2.	�Have students discuss their answers with a partner (pair share), 
then as a whole class. 

3.	�Explain to students that hematopoietic stem cells can be found in 
umbilical cord blood, or “cord blood” for short. Instruct them on the 
importance of stem cells, the different types of stem cells, where 
they can be found, and the lineages of stem cells. 

4.	�Ask students to research possible uses of cord blood stem cells 
and share their answers with a partner (pair share). Follow this 
activity with a whole class discussion.

Directions, Lesson 7B:
1.	�Have students work in groups to complete Cord Blood Banking 

and Transplantation Student Worksheet 7. 
2.	�Groups will conduct research using articles and Web pages (see 

References on page 21) about cord blood banking and possible 
uses of cord blood. Alternatively, students can conduct the 
background research as homework and come to class prepared 
to begin the discussion. Note: Students should already be familiar 
with the different types of stem cells. 

3.	�Students should use the following guiding questions for their 
background research:

	 • �Why does cord blood contain hematopoietic stem cells?
	 • �What are some diseases that cord blood stem cells could 

possibly be used to treat?
	 • �What research is currently under way with regard to the use 

of cord blood stem cells? What have been some successes 
and failures?

Cord Blood Banking

and Transplantation
Stem cells  

under a  
microscope. 
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	 • ��What is the value of donating a baby’s cord blood to a public blood 
bank versus storing it at a private bank for one’s own use? 

4.	�After completing its research, each group should present its findings 
on one or more of the topics addressed in the guiding questions. 
Ask students to express their own opinions on the banking and use 
of cord blood.

Extension Activities:
 • �Conduct an in-class debate or trial in which each group of students 

represents a person or group involved with cord blood banking, 
research, or treatment. 

 • �Groups could represent physicians who research and/or treat life-
threatening diseases, stem cell researchers, parents of newborns, 
or presidents of public or private cord blood banks.

 • �Have the students debate the pros and cons of public versus private 
cord blood banks and potential issues regarding research using 
cord blood stem cells.

Homework:
• �Have students write a one-page description of their opinions on the 

banking and use of cord blood. Students should be required to be 
specific in their description and to use supporting facts from their 
research with in-text citations.

References:
• �“Whose Blood Is It Anyway?” Scientific American, April 2001, pages 

42–49.
• �“Repairing the Damaged Spinal Cord,” Scientific American, 

September 1999, pages 64–73.
• �“The Future of Stem Cells,” Financial Times & Scientific American 

Special Report, July 2005.
• �www.hematology.org/Publications/Hematologist/2010/5151.aspx
• �www.hematology.org/Publications/Legends/3803.aspx
• �www.hematology.org/Publications/Hematologist/2009/2199.aspx
• �http://latimesblogs.latimes.com/booster_shots/2009/09/banking-

umbilical-cord-blood-costs-1374246-per-life-year-gained.html
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W

orksheet

Cord Blood Banking   
and Transplantation

 Questions Answers/Notes Sources

Why does cord blood 
contain hematopoietic  
stem cells? 

What are some 
diseases that cord 
blood stem cells  
could possibly be 
used to treat?

What research is 
currently under way 
with regard to the use 
of cord blood stem 
cells? What have 
been some successes 
and failures?

What is the value of 
donating a baby’s 
cord blood to a  
public blood bank 
versus storing it at  
a private bank for 
one’s own use?

Instructions:
Fill in the following chart while completing the background research. Be sure to record 
a full MLA citation for each source used. See www.easybib.com for a description of 
MLA format citations.

Photo: © I-Stockphoto.

Stem cells  
under a  

microscope. 

Name: 

Class/Period: 
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Name: 

Class/Period: 

The Case of the   
Tired Grandma

Instructions:
Read the passage and answer the questions that follow based on the content  
of the readings. Conduct additional background research as needed.

Part 1:
A Hectic Day
“OK, let’s get started on your homework while I make dinner. 
John Jr., can you help Mary with those math problems she 
has due tomorrow?”

“Sure. What’s for dinner, Grandma?”

“I’m making some chicken and vegetables. I already prepared 
it earlier so it won’t take long,” replied Susan.

John Jr. and Mary sat down on the living room floor, still wearing 
their jerseys, shorts, and high socks. It had been two years since their 
mother passed away from breast cancer, and they were still trying to adjust. Their father works 
at the local airport and has been on the night shift for the past five months. He was hoping to 
be back on days by next month so he didn’t have to rely on his mother to help out with the kids 
so much. It really seemed to be taking a toll on her. She was exhausted all the time now. 

Susan sat down at the kitchen table after placing the chicken and vegetables in the oven to 
roast. She felt out of breath, even after just walking in from the car, helping the kids carry their 
school bags, and putting dinner in the oven. She used to walk three miles a day, but her job  
and personal life had become so hectic lately that she didn’t have the time or energy to exercise  
anymore. She had just turned 67, and felt that her age was finally catching up with her.

After checking the children’s homework and tucking them in, Susan washed the dishes, cleaned 
up the kitchen, and waited for her son to return from work. He walked in at about 11:30 p.m. and 
found her asleep on the couch. He nudged her awake.

“How’d it go today?” John asked.

“Fine. Mary hates fractions a little less than she did yesterday. John Jr. is still pretending to like 
my cooking, which is nice of him. They both had fun at their soccer practices.”

“Thanks for helping out so much. Hopefully I’ll be back on days soon so you won’t have this 
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leukemia patient’s 
blood smear.
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ridiculous schedule. How are you feeling? Do you still have that cold?” he asked.

“I just feel run down. But I’m not feverish anymore and I’m not sneezing or coughing. And for 
the last couple of weeks or so I’ve been waking up during the night with aches and pains.”

“That doesn’t sound good, Ma. Maybe you should see the doctor,” John suggested.

“I have an appointment with Dr. Owen next week, but I’m not sure what to tell him. I don’t feel 
well but I don’t really feel sick, either. I’ve been working longer hours because it’s tax season 
and you’ve been on nights. He’s probably going to tell me to get more rest. But I can’t. So the 
visit seems pointless.” Susan rubbed her eyes and yawned.

“Still, it’s better to get checked out. I’ll take the day off and go to the doctor with you.”

Part 1:
Questions
Answer the following questions on a separate sheet of paper.

1.	� Describe the main characters in this case study. What do you know about this family so far?

2.	� Describe Susan’s symptoms. Conduct background research and give some possible 
explanations (at least three) for what could be causing Susan’s symptoms. Be sure to 
include a description of the ailments you think Susan may be suffering from, an explanation 
of your reason for choosing those particular ailments, and a list of sources you used. 

Part 2:
A Visit to the Doctor
Susan sat nervously in Dr. Owen’s office. “I hate going to the doctor,” she said to her son. She 
fidgeted in her chair. “And I feel so silly coming in when I’m not even that sick.”

“It can’t hurt to have him examine you, Mom. Just relax,” replied John.

“Susan Forest?” the nurse asked.

Susan followed the nurse into the small exam room and sat on the crunchy white paper waiting 
for Dr. Owen. He walked in and shook her hand.

“What brings you here today, Mrs. Forest?”

“I haven’t been feeling well lately. I had a cold for a while that never seemed to completely get 
better, and I’ve been feeling tired and achy for a while. I’ve also been extremely busy at work 
and watching my grandchildren, so I think it’s just lack of sleep. But recently I’ve been waking 
up at night with pain.”

“OK, Mrs. Forest. I’m going to do a history and physical right now. I’ll ask you some questions 
about your symptoms, your general medical history, and your lifestyle, and then I’ll perform a 
physical exam to try to determine what is causing your symptoms. How old are you,  
Mrs. Forest?”

“Sixty-seven,” she replied.

“And how long ago did you begin having symptoms?”
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“About three months ago, in February, I caught a cold that I couldn’t seem to get rid of.”

“Are you still producing mucus when you cough or sneeze? Are you blowing your nose a lot?”

“Not anymore.”

“Did you take any over-the-counter medications?”

“Yes, for about two weeks I took an over-the-counter decongestant and pain reliever.”

“So at that point you weren’t really having the cold symptoms anymore?”

“Right.”

“What about fevers? Did you take your temperature?”

“No, but I felt feverish once in a while even after the cold symptoms 
stopped. I don’t think it was a very high fever, though.”

“And you said you are feeling tired a lot. How much sleep do you usually 
get each night?”

“About five or six hours every night, which I don’t feel is enough.”

“Why do you think you aren’t getting enough sleep?”

“Well, I work in an accountant’s office, so tax season is our 
busiest time. In early March I started working about 60 hours 
per week. Also, my son started working the night shift a little 
after that, and that’s when I began picking up my grandchildren 
after their sports practices and watching them until their father 
gets home.”

“Any shortness of breath after activities?”

“As a matter of fact, yes. I’ve been exercising a lot less than usual because I become out of 
breath. Even after just cleaning...”

“Have you been around anyone who was sick with the flu or any other contagious illness?”

“I don’t think so. No one at work or in my family has been sick.”

“Have you had any nausea or diarrhea or stomach upset in general?”

“No.”

“Have you been urinating more frequently or had blood or pain with urination?”

“No.”

“You said you’ve been having pain at night? Is this only at night, or do you feel pain upon 
waking up in the morning?”

“Only during the night.”

“Does the pain wake you from sleep?”

“Yes, sometimes.”

“Is the pain localized in one specific place?”

“No, it’s just general achiness, almost like my bones hurt. Sometimes it’s in my upper legs, 

A chronic myeloid 
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sometimes my back hurts. But I can’t pinpoint it to one location.”

“Do you find that the pain increases with more activity?”

“No, not really.”

“Have you lost any weight?”

“No.”

“Do you or any close family members have high blood pressure, diabetes, cancer, or heart disease?”

Susan shook her head. “No. My daughter-in-law died of breast cancer, but none of my blood 
relatives have had it. My grandmother had diabetes, but no one else who I know of has had 
anything else you mentioned.”

“Do you smoke or drink alcohol? Are you taking any drugs or prescription medications?”

“No, I don’t smoke or drink. I have a prescription medication for migraine headaches, but only 
take it when I get a migraine, which is usually about once a month or so. I don’t take any other 
medicines, and I don’t use any illegal drugs for heaven’s sake.”

“OK. I have to ask these questions just so I can get a clear picture of your overall health.”

Upon physical examination, Dr. Owen noticed that Susan’s spleen, located under the ribs on 
the left side of the abdomen, was swollen.

“I think that we should run some tests, so I’m going to take a blood sample from you. I am 
requesting a CBC (complete blood count) with differential. This will determine your hemoglobin 
and hematocrit levels, which are proteins present in the blood. It will also give me your platelet 
count, red blood cell count, and white blood cell count (including the percentage of each type 
of white blood count). All of these cells are present at specific levels in the blood of healthy 
individuals but can increase or be reduced when someone is sick. I am also requesting a blood 
smear—meaning the lab technicians will look at your blood sample under a microscope—and  
a chest X-ray. I should have the results in a few days. My office will call you to schedule a 
follow-up appointment as soon as we have the results.”

“Thank you, Dr. Owen. Do you think this is something serious?”

“I can’t really say until I have more information. Let’s wait and see what the results of the blood 
work tell us.”

Part 2:
Questions (conDuct additional research if necessary)

Answer the following questions on a separate sheet of paper.

1.	� Look back at your original list of possible causes of Susan’s symptoms. Discuss with your 
group members whether the ailments you originally thought Susan had were accurate or 
inaccurate, based on the information in the history and physical. This is what physicians 
refer to as a differential diagnosis. Discuss the possibilities with your group members, and 
narrow down the possible diagnoses based on the information you have. Has your opinion 
changed now that you have more information? Why or why not?

A chronic myeloid 
leukemia patient’s 
blood smear.
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2.	� What are the functions of each type of blood cell? Why do you think Dr. Owen requested  
a CBC? 

3.	� What results to you expect to see in the CBC if Susan has an infection?

4.	 Why do you think Dr. Owen requested a blood smear? A chest X-ray?

Part 3:
Results and Additional Testing
Note: Additional materials are required for this part of the case study: normal, chronic myeloid 
leukemia (CML), and multiple myeloma blood smears; normal and CML karyotypes showing the 
Philadelphia chromosome.

The following week, Susan waited in the exam room for Dr. Owen to come in with her test results.

“Hello, Mrs. Forest. I’ve been looking over your test results. The blood count did come back 
abnormal. Your white blood cell count was elevated. This is something that can occur when 
someone has an infection, since these cells are involved in fighting disease. In addition, your 
red blood cell count was below normal. That would probably explain the shortness of breath 
you’ve been experiencing, since those cells are responsible for carrying oxygen around the 
body. However, it is your blood smear that concerns me. In addition to an elevated white blood 
cell count, many of your white blood cells are in the early stages of development—an immature 
state, if you will. This is something that occurs in cancers of the blood.”

“Oh my God! Are you saying you think I have cancer?” Susan gasped.

“Given your age and your symptoms, I believe that you have one of two types of blood 
cancer—either multiple myeloma or chronic myeloid leukemia. Both of these are very treatable 
if detected early. I’ll need to perform some additional testing to determine your final diagnosis 
and treatment plan. In order to do this, I have to collect another blood sample and perform 
a bone marrow biopsy. This additional testing will also help to rule out an infection or other 
causes for the abnormal CBC.”

“So it might not be cancer?”

“We still can’t be sure, but you have to prepare yourself for that news. I can give you some 
general information about these diseases, and we’ll also set up an appointment for you to have 
the bone marrow biopsy done at the hospital.”

“What is a bone marrow biopsy?”

“This is a test that is used to obtain a sample of bone marrow, the soft tissue in the center of 
the bones. We use a needle to remove a small sample of those cells. You’ll receive an injection 
to the area to numb you.”

“Will the removal of the cells hurt?”

“The initial injection of the numbing agent causes a sharp sting. Once the larger needle is 
inserted, the center of it is removed and a core of bone marrow is collected. Some patients 
report feeling a dull pain during the collection, since the numbing agent is not injected into the 
bone. However, not all patients report pain during the procedure.”

“Why do you need bone marrow if I am giving another blood sample anyway?”
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“Well, in chronic myeloid leukemia a very specific mutation is present in the DNA of the bone 
marrow cells. This mutation, or change in the DNA, is usually detectable in the blood also.”

“What is this mutation?”

“It is generally referred to as the Philadelphia chromosome. The DNA in your cells is organized 
into smaller ‘pieces’ called chromosomes. Humans have 23 pairs of chromosomes. In CML, 
chromosome 9 and chromosome 22 exchange pieces, resulting in an abnormal gene. This 
gene produces the protein BCR-ABL tyrosine kinase.”

“What the heck is that?”

“Tyrosine kinases are involved in regulating the cell cycle and often cause cells to proliferate, 
or make more cells. The normal form of the protein has no harmful effects, but this abnormal 
form caused by the chromosomal translocation results in higher rates of cell proliferation, 
which leads to cancer. I am going to perform two tests on the bone marrow. One, called 
karyotyping, involves examining the chromosomes present in the bone marrow cells 
to determine whether the Philadelphia chromosome is present. Another test, 
called Real-time Quantitative PCR (RQ-PCR), determines whether this 
abnormal form of the gene is producing the BCR-ABL tyrosine kinase. 
This will help us in deciding what course of treatment to take if you 
do, in fact, have CML.”

Part 3:
Questions (conDuct additional research if necessary)

Answer the following questions on a separate sheet of paper.

1.	� Conduct background research on multiple myeloma and chronic 
myeloid leukemia (CML). What are the signs and symptoms of each? What 
changes occur in the blood composition of individuals with these diseases?

2.	� Examine the blood smears from the normal individual, the individual with CML, and the 
individual with multiple myeloma. Then examine Susan’s blood smear. What conclusions 
can you draw about Susan’s diagnosis?

3.	� Describe the Philadelphia chromosome. How does this mutation come about? Does CML 
run in families?

4.	� Describe PCR. What is this procedure used for? How is RQ-PCR used in the diagnosis of CML?

5.	� What do you think is the emotional impact of this news for Susan? What adjustments will 
Susan have to make to her lifestyle if she is diagnosed with cancer?

Part 4:
Final Diagnosis and Treatment Options
“Well, Mrs. Forest, I’ve examined all of your test results and concluded that you are suffering 
from chronic myeloid leukemia. I’m sorry to have to bring you this news. However, I will 
reassure you that this particular type of cancer is very treatable due to recent advances in 
leukemia research,” Dr. Owen reported.

A chronic myeloid 
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“Do I have to go for radiation treatment?”

“That is generally not the recommended first course of treatment for this type of cancer. Since 
we know that the abnormal BCR-ABL tyrosine kinase is present in your bone marrow cells, your 
treatment will focus on disabling this protein in order to stop the growth of the cancer cells.”

“I don’t understand how the treatment can just target one thing.”

“Well, the standard treatment for CML involves taking a drug called imatinib. This is a 
substance that inhibits that mutant protein we spoke about last time, BCR-ABL. Since BCR-
ABL causes increased cell growth, when imatinib binds to and inhibits it, the cells stop growing. 
This markedly reduces the cancer growth and leads to remission in the vast majority of 
patients. Obviously nothing is guaranteed, but your prognosis is quite good.”

“How long do I have to take the drug? Are there side effects?”

“You will likely need to remain on the drug even after you are in remission. It seems that 
interruption of treatment usually results in a relapse.”

“I have to take this drug for the rest of my life?”

“It’s possible, and we’ll have to continue to monitor your blood counts and BCR-ABL levels even 
while you are being treated, to make sure the drug is working.”

“What about side effects?” Susan was particularly concerned about this, since she had 
witnessed the side effects of chemotherapy and radiation when her daughter-in-law was sick. 
“My daughter-in-law lost her hair and had terrible nausea, to the point where she couldn’t even 
take care of the kids. It was awful,” Susan continued, “and I need to be able to continue working 
and helping my son...”

“Well, the side effects of imatinib are not as severe as what you see with traditional 
chemotherapy and radiation. In fact, most patients find the side effects mild enough to continue 
using imatinib. The benefit of reducing CML cells outweighs the risks. Most commonly, patients 
report edema, or fluid retention. This is particularly common in patients over 65, so that is a 
concern for you. We have to continue regular blood counts to monitor you for anemias. Also, 
it is common for patients to experience some nausea, joint pain, or muscle cramps. Bleeding, 
hypothyroidism, and hepatotoxicity (damage to the liver) are less common but can occur as well.”

“So this type of cancer—it seems like it never really goes away?”

“CML is what is referred to as a chronic form of leukemia. It is not an aggressive cancer, and 
most people respond very well to treatment, as I said. But even when a patient is in remission 
we have to keep monitoring you and treating you because small numbers of cancer cells 
can still be present in the cells of the bone marrow. The only real cure for CML is a bone 
marrow transplant, but if you respond well to imatinib we won’t have to do that. A bone marrow 
transplant is much more invasive than taking a pill, and it is difficult to find a donor. So we only 
do that if the patient does not respond to drug treatment.”

“If I don’t respond to the imatinib, I’ll have to get a bone marrow transplant?” inquired Susan.

“No, not necessarily. There are other drugs besides imatinib that act as tyrosine kinase 
inhibitors. They are not as effective as imatinib and may have more side effects. So we start 
first with imatinib, then move on to other tyrosine kinase inhibitors if necessary. The bone 
marrow transplant is a last resort for patients who don’t respond to any drug treatments. But 
let’s not get ahead of ourselves—we should see if the imatinib works for you first.”
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“What about my job? And my grandchildren?”

“You’ll have to make some adjustments to your lifestyle, particularly during your treatment. 
Until you return to feeling well, you’ll need to reduce your activity levels for a while. Though 
I encourage you to stay physically active if you are feeling up to it, since that is generally 
beneficial.”

“Should my son or my grandchildren be tested to see if they are at risk for CML? Does this 
mean cancer runs in our family now?”

“CML is caused by a random mutation in the bone marrow later in life and is considered sporadic. 
It’s not like other forms of cancer that run in families, so you don’t have to worry about that.”

“OK. I don’t think I have any more questions right now. So what do I do next? I feel like I should 
get a second opinion for something this serious.”

“I’ll send you to a CML specialist to get a second opinion. After you see him, we’ll meet again to 
discuss the start of your treatment.”

“Thank you, Dr. Owen.”

“And they also have some information at the front desk on support groups for 
patients with CML. Sometimes it can be helpful to speak with others who 
are going through the same thing.”

 

Part 4:
Questions
Answer the following questions on a separate sheet of paper.

1.	� How do you think Susan’s diagnosis will affect her lifestyle? What changes 
will she have to make?

2.	� Conduct some research on other tyrosine kinase inhibitors used to treat CML. 
How effective are these treatments compared to imatinib?

3.	� What are the advantages and disadvantages of having a bone marrow transplant to treat CML?

4.	� What type of testing will Susan have to undergo in order to monitor her treatment? Conduct 
additional background research if necessary.

5.	� If you were Susan, what concerns and questions would you have at this point?

6.	� CML has been referred to as the “poster child” for translational medicine, i.e., the use of 
molecular biology research results to determine treatment for a disease. Do you agree with 
this statement? Explain why or why not.
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The Web site Blood: The Vital 
Connection is an information 
resource center for teachers, students, 
and consumers who want easy-to-
understand information about blood, 
advances in hematology, career 
resources, and patient stories. Not 
everyone is a doctor or a researcher, 
but it is important for everyone to be 
knowledgeable about their health and how  
to initiate conversations with their doctor.

• �www.bloodthevitalconnection.org/ 
blood-basics/other-resources.aspx

• �www.bloodthevitalconnection.org/ 
blood-basics/advances-in-hematology.aspx

• �www.bloodthevitalconnection.org/ 
for-students/career-resources.aspx

• �www.bloodthevitalconnection.org/ 
for-students/mentoring.aspx
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Additionally, the following sites provide important 
information about clinical trials, blood diseases, and 
other disorders: 

• �National Heart, Lung, and Blood Institute:  
www.nhlbi.nih.gov 

• �National Institute of Diabetes and Digestive and 
Kidney Diseases:  
www2.niddk.nih.gov

• �National Cancer Institute:  
www.cancer.gov

• �National Center for Research Resources:  
www.ncrr.nih.gov 


