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The rapidly evolving stem cell field puts much stress on developing educational resources. The ISSCR Education Committee has created a
flexible stem cell syllabus rooted in core concepts to facilitate stem cell literacy. The free syllabus will be updated regularly to maintain

accuracy and relevance.

A RESOURCE TO FACILITATE
STEM CELL EDUCATION

Stem cell science, along with related
clinical, ethical, legal, policy, and social
implications, is a rapidly evolving and
dynamic field. Misconceptions sur-
rounding stem cell science and result-
ing treatments are rampant, and scien-
tifically accurate stem cell education is
critical for informed decisions by re-
searchers, students, clinicians, regula-
tors, policymakers, patients, and the
public. Even though the field has expe-
rienced considerable growth, resources
to help educators teach stem cell sci-
ence and regenerative medicine are
limited. Recognizing this deficit, the
International Society for Stem Cell
Research (ISSCR) established the
Education Committee, which is
committed to improving stem cell edu-
cation by promoting evidence-based
science communication and correct-
ing misinformation about stem cells
and their therapeutic applications.
The ISSCR Education Committee
has created free and versatile materials

rooted in foundational discoveries to
help instructors cultivate an apprecia-
tion for, and understanding of, stem
cell research. The Core Concepts in
Stem Cell Biology: Syllabus and
Learning Guide is an open-source
resource designed to facilitate the cre-
ation of stem cell classes and courses
forundergraduate, graduate, and med-
ical students.' The guide is built
around eight core concepts in stem
cell science, each bolstered with
learning objectives and an annotated
bibliography. This flexible resource
can be used as a guide to teach an
entire stem cell biology course or be
adapted for use in existing curricula.

FILLING AN UNMET NEED IN
STEM CELL EDUCATION

In contrast to similar disciplines, stem
cell science lacks a well-established
textbook that can serve as the back-
bone of an introductory level course,
leaving new instructors, or instructors
new to stem cell science, with no

recognized consolidated resource on
stem cell biology. Furthermore, stem
cell science includes not only the bio-
logical principles of the discipline but
also clinical applications and associ-
ated ethical, legal, policy, and social is-
sues. The ISSCR Education Committee
created a resource for instructors that
covers the essential areas of stem cell
science and is endorsed by the ISSCR,
the largest society in the world dedi-
cated to the advancement of respon-
sible stem cell research.

This guide helps instructors assemble
a clear, cohesive, and comprehensive
syllabus that identifies the critical
topics and salient literature from em-
bryos to ethics and all stem cells in be-
tween. This resource is intended to pro-
vide our community with a template
for designing curricula, enable institu-
tions and instructors to offer more clas-
ses on stem cell science and thereby
reach additional students, and help
curtail the spread of misinformation
surrounding stem cell science and un-
proven clinical treatments. The four-
teen Education Committee members
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Table 1. Overview of the eight modules that make up the Core Concepts in Stem Cell Biology syllabus

Eight modules in stem cell science

Overview

Module 1: Introduction to Stem Cell Biology

Module 2: Introduction to Development

Module 3: Pluripotency and Reprogramming In Vitro

Module 4: Adult Stem Cells and Regeneration

Module 5: Directed Differentiation and Transdifferentiation

Module 6: Leveraging Tools to Study Stem Cell Biology

Module 7: Clinical Applications of Stem Cell Biology

Module 8: Ethical Issues in Stem Cell Research

fundamentals of stem cell biology, which provide students with the building
blocks necessary for understanding, examining, and dissecting the dynamic

field of stem cell research

from fertilization to gastrulation and cell-fate determination, students learn
how cells in the early embryo gain unique identities and functions

an overview of how to characterize and establish different types of
pluripotent cells and their potential clinical applications

how adult stem cells develop and maintain tissues during homeostasis and
in response to injury, and their application in regenerative medicine

understanding differentiation, both in vivo (during embryonic development

and in the adult) and in vitro, transdifferentiation, and directed
differentiation, and how these concepts can be applied clinically

cutting-edge technologies that are used to interrogate stem cells to

further their experimental use and clinical potential

how stem cell technologies are being translated for clinical applications

ethical and policy issues surrounding human embryos, egg donation,
gene editing, unproven stem cell interventions, fetal tissue, and science

communication

are based in seven countries and have
strong expertise in developmental
and stem cell biology, cellular and mo-
lecular biology, stem cell ethics and
policy, education, and science commu-
nication. We used our diverse scientific
and educational backgrounds to create
asyllabus and learning guide to address
a previously unmet need in the field.

FLEXIBLE TOPIC-FOCUSED
MODULES

The syllabus and learning guide are
grounded in eight core concepts that
span basic biology, clinical applica-
tion, and ethical and policy consider-
ations (see Table 1).” These topic-
focused modules can be taught
independently or as a series to provide
students with a cohesive introduction
to stem cell science. Through these
modules, students will learn about
the unique features of stem cells;
how stem cells regulate development
and regeneration in various organ-
isms; the fundamental biology
underlying in vivo and in vitro pluripo-

tency, self-renewal, differentiation,
and cellular reprogramming; the latest
advances in technology and clinical
applications; and the ethical, legal,
and social implications of stem-cell-
and regenerative-based technologies.

Each of the eight topics is broken
down into its core concepts and sup-
ported by key peer-reviewed primary
and secondary literature. A curated
and annotated bibliography of foun-
dational discoveries in the field high-
lights major discoveries and provides
scientific context and significance.
The eight modules also contain
learning objectives that progress
from knowledge and comprehension
to analysis and synthesis, which can
be modified based on the course level.

While advanced biomedical under-
graduate, graduate, and medical stu-
dents are the main target audiences
for the educational content of this
guide, the resource is flexible and can
be adapted and used in a variety of
courses to instruct students from
diverse backgrounds. Advanced stu-
dents can explore optional topics
and upper-level learning objectives
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and learn how to generate hypothe-
ses, design experiments, and interpret
and analyze results through classical
studies found in the annotated
bibliography.

HOW THE LEARNING GUIDE IS
BEING PUT INTO PRACTICE

Since its creation in November 2020,
the open-source Core Concepts in Stem
Cell Biology syllabus and learning
guide have been well received by the
stem cell community. The syllabus
was downloaded directly from the
ISSCR website more than 1,800 times
by individuals from more than 1,000
institutions globally, underscoring
the need for this type of resource and
its popularity. A survey was sent to
the downloaders who agreed to be
contacted to find out how they have
used the guide and how it can be
enhanced.

We conducted a pilot feedback study.
Although the feedback response rate
was low (2.5%), it was very positive.
We obtained responses from users
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from eleven countries, most of whom
identified as academic professors.
Overall, the majority of respondents
indicated that the syllabus was highly
effective at helping them identify key
principles of stem cell science; teach
stem cell science to a greater number
of people; design or improve a course
on stem cell science; incorporate stem
cell science into other courses; and
identify key papers and achievements
in stem cell science. Over half of the re-
spondents used the learning guide to
design a new syllabus, and nearly half
used it to teach a new course dedicated
to stem cell science. Cumulatively, in-
structors used these tools to teach hun-
dreds of students, with an almost even
split between undergraduate and grad-
uate students.

Qualitative feedback echoed these
sentiments. One user commented on
the learning guide, “It had provided a
conceptual framework and a guide to
organize the main issues and select
the crucial problems in stem cell
research, to be addressed with the
most updated literature references,”
and another user reported that “[a]s a
long-time stem cell scientistit has given
me new angles on what all to include in
stem cell courses.” Furthermore, over
half of respondents reported sharing
the syllabus, one of whom said that
they “share[d] [it] with students and
trainees as an essential resource,”
underscoring the value of the guide.

The committee plans to collect
further data on how educators use
and adapt the syllabus to their needs,
as well as suggestions on enhancing
the resource through periodic inter-
views and questionnaires. Further, the

syllabus will serve as the backbone of
the Sao Paulo School of Advanced Sci-
ence on Stem Cell Biology course,’
which is to be held in Sao Paulo Brazil
in September 2023 for undergraduate
and graduate students and post-
doctoral fellows. This experience will
inform future revisions, and recordings
of these lectures by leaders in the field
will complement the online syllabus,
further enriching the resource.

BUILDING ON TO THE
LEARNING GUIDE

The ISSCR Education Committee in-
tends to augment the syllabus with
additional resources in the future. Ad-
ditions will include video interviews
with the lead and corresponding
authors of highlighted works. These
conversations will provide a behind-
the-scenes look into the lives and expe-
riences of a diverse group of interna-
tional researchers and insights into
the genesis of landmark discoveries
and the process of overcoming obsta-
cles. These personal encounters will
provide a deeper understanding of the
reasoning and the journey behind sci-
entific discoveries—something rarely
conveyed in textbooks or manuscripts.
Based on survey feedback, future up-
dates could also include laboratory
exercises that complement the core
concepts, more in-depth discussions
of specific topics, and additional re-
sources to explore key primary litera-
ture. Additionally, we intend to expand
the resources for other audiences that
may benefit from further stem cell edu-
cation, for example middle and high

school educators, medical profes-
sionals, patients, and policymakers.

Stem cell science is an incredibly
vibrant and impactful field that is
constantly evolving. The learning
guide is meant to be a living document,
which the Education Committee is
committed to periodically expanding
and updating with new advances in
stem cell science and their clinical ap-
plications. While the syllabus and
learning guide provide instructors
with a roadmap to teach students, edu-
cators are responsible for ensuring they
are teaching up-to-date material and
presenting it properly. We encourage
instructors and students to participate
in updating the syllabus and invite
you to send feedback to info@isscr.org
and share additional content needs,
suggested topics, and essential refer-
ences. We are committed to working
collaboratively with other ISSCR com-
mittees and the larger scientific com-
munity to enhance stem cell education
further. We hope this resource will
make stem cell education more acces-
sible around the globe and reduce
misinformation about stem cells and
their potential applications.
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